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A Compari son of Four Phosphorus P l acement 
Methods i n  Eastern South Dakota 
I nt roduct i on 
Ferti l i zer  p l acement i s  genera l l y  more i mport ant for 
phosphorus  than other nutri ent s . Phosphorus  i s  an i mmob i l e  
nut ri ent . Un l i ke n i trogen wh i ch i s  mob i l e  and t ran spo rted by 
mass-fl ow, phosphorus  i s  transported by a much  s l owe r  p rocess  known 
as d i ffu s i on .  
1 
Phosphorus fert i l i zer  a l so reacts wi th soi l s  to form p roduct s 
wh i ch are onl y s l i g htl y sol ubl e .  The greater the  so i l -ferti l i zer 
contact the l es s  c hance there i s  of the phosphorus rema i n i n g  i n  a 
sol ub l e form . Most p l ants have thei r h i ghest requ i rement for 
phosphorus  dur i ng  the earl y stages of growth . The fi rst  pa rt of the 
_growi n g  season i s  usua l l y  when envi ronmenta l cond i t i on s  a re l ess  than 
opt i mum for .p l ant growth . 
Phosphorus  p l acement cou l d become more i m portant as  reduced 
t i l lage becomes i ncrea s i ng l y popul ar  i n  many a reas of the Un i ted 
States . Red uced t i l l age i s  becomi ng more popu l ar because of i t s 
pos s i b l e econom i c , eco l og i c , and con servat i on advantage s . S i nce on l y  
a sma l l port i on of the soi l surface l ayer i s  t i l l ed i n  some reduced 
t i l l age system s ,  phosphorus fert i l i zer  i ncorporat i on may be very 
1 i m i ted . 
2 
Norma l l y ,  phosphorus has been broadcast on·the su rface and 
i ncorporated wi th  pri m.ary or secondary t i l l age . But wi t h  some 
reduced t i l l age systems both of these operat i ons  cou l d be 
e l i mi nated . The bas i c object i ve of th i s study was to compare several 
d i fferent phosphorus  p l acement methods for corn , soybeans and oats. 
L i terature Rev i ew 
Phosphorus Ava i l ab i l i ty i n  Soi l s  
Several soi l phys i cal  and chemi cal propert i es  a re respons i bl e 
for determ i n i ng phosphorus ( P )  avai l abi l i ty to growi ng  p l ants . A few 
of these propert i es a re aerat i on ,  compact i on ,  moi stu re , temperature , 
pH , and the natu re of phosphate compounds found  i n  the soil . 
Soi l aerat i on may affect P absorpti on d i rectl y ,  s i nce 
oxygen i s  necess a ry for auxi n product i on , cel l permeabi l i ty ,  p l ant 
growth , metabol i c  processes and the absorpt i on of water  and at l east 
some ion s . Aerat i on may a l so affect P absorpt i on i nd i rect l y  by 
i nc reas i ng t he P suppl y through  the mi neral i zat i on of o rgan i c matter . 
Compact i on of  the soil may dec rease P absorpt i on d ue to 
l i mited aerati on . Genera l l y ,  i ncreased compact i on a l so dec reases the 
s i ze of pores in the soi l and may i nh i bi t  root _penet ra� i on .  Grass l  
and Dowdy ( 1983 ) found that average soybean yi e l d s  ( 19 7 3- 1980 ) were 
h i gher on compacted a reas compared to non-compacted treatments . Their 
data i nd i cated that d uri ng peri ods of l ow soi l moi stu re , compacted 
a reas had h i gher moi sture contents and greater l eaf P concent rat i ons 
and therefore i ncreased P avai l abi l i ty .  
So i l  moi sture at an opti mum l evel i nc reases the  avai l ab i l i ty 
of P to pl ants  ( Mack and Barbe r; 1960 , Power  et a l  . ,  1 961} . 
Phosphoru s i s  absorbed by the p l ant through the soi l sol uti on . 
Phosphate i ons  become avai l abl e to the pl ant as so l ub l e phosphate 
compound s  d i s so l ve or a re desorbed i nto the soi l sol ut i on . Under· 
drought cond i t i on s , or as  soi l mo i sture i s  dep l eted d u ri ng  the 
g rowi ng  sea son , there i s  very l i tt l e soi l sol ut i on su rround i ng  th� 
roots and P uptake d i mi n i s hes . If  a soi l reaches satu rat i on ,  
aerat i on of the soi l decreases and oxygen becomes l i m i t i n g  to the 
pl ant roots and P uptake aga i n decreases . Increased soi l temperatu re 
genera l l y  i nvo l ves the concent rat i on of P i n  the soi l sol uti on . 
Organ i c  matter m i neral i zat i on i s  i ncreased wi th  i nc rea s i n g  
temperatu res , enhanc i ng mi c roorgan i sm act i v i ty i n  t he  soi l . 
Phosphoru s can be mi nera l i zed faster when soi l temperatu res and 
moi sture cond i t i on s  a re favorab l e .  
3 
When soi l temperatu res a re opt i mum , root devel opment  a l so  
i nc reases .  Th i s may resu l t  i n  i ncreased P u ptake d ue to an i ncreased 
root mas s  i n  t he soi l . I f  soi l temperatures a re bel ow opt i mum root· 
devel opment and nut ri ent absorpti on by p l ants may be reduced 
( Ketcheson� 1957 ) .  Th i s  cou l d poss i bl y  expl a i n the advantage of P 
fert i l i zer band s even though the soi l test l eve l of ava i l ab l e  P i s  
h i gh . 
Phosphorus sol ub i l i ty i i  opt i mum when the soi l pH i s  i n  the 
range of 5 . 5 to 7 . 0 .  P hosphorus i s  genera l l y  absorbed by p l ants as 
H2P04- or HP042- ions . The phosphate i on that i s  domi nant depends 
l argel y on the pH of the soi l sol uti on . I f  t he pH  fa l l s  be l ow 5 . 5 ,  
i ron and a l umi n um i n  sol uti on prec i p i tate P rather readi l y .  I f  the 
pH of t he soi l sol uti on goes above 7 . 5 ,  P may be made u nava i l ab l e by 
the prec i p i tat i on of P wi th  ca l c i um .  
The types o f  P fert i l i zer  react i on p roducts t hat form i n  
d i fferent soi l s  have a defi n i te effect on P avai l abi l i ty t o  pl ants . 
These react i on products , because of the i r d i fferi n g  sol u b i l i t i es ,  
affect P avai l abi l i ty .  
4 
When a sol ub l e phosphate i s  added to the soi l i t  undergoes 
react i ons that eventua l l y  decrease i t s sol ubi l i ty .  Th i s  l os s  of 
sol ub i l i ty , or fi xat i on , may be d ue to prec i p i tat i on as ca l c i um ,  
i ron , o r  a l umi num phosphate depend i ng on  the a l ka l i n i ty o r  aci d i ty of 
the so i l . I .t may al so be the resu l t  of an ad sorpt i on p rocess i n  
wh i ch the phosphate becomes  fi rml y attac hed. to the edges o f  c l ay 
part i c l es or  i ron and al umi num ox i des . 
When P i s  mi neral i zed from organ i c  matter or  added as a 
fert i l i zer  to a soi l , some fonm of fixat i on wi l l  gene ra l l y  occur , 
resu l t i ng  i n  l owe r  P avai l ab i l i ty to pl ants . 
5 
Factors I n fl uenci ng t he Avai l abi l i ty of  Fert i l i zer-P hosphorus 
The avai l ab i l i ty of ferti l i zer P i s  affected by the same 
factors that i n fl uence soi l P avai l abi l i ty .  Some of these factors 
can be control l ed by d i fferent management practi ces . Fert i l i zer  
pl acement and rates of appl i cati on can  i n fl uence the effects of  P 
ferti l i zer  app l i cat i ons . S i nce sol ubl e P reacts wi th  soi l components 
and i s  i mmob i l e ,  pl acement to i nsu re ma i ntai ned sol ubi l i ty and 
maxi m i ze access  by the p l ant root system i s  qu i te i mportant . 
When fert i l i zers are a�pl i ed at moderate l y  l ow rates , 
p l acement frequentl y i n vol ves band i n g  near the seed . At h i gher  rates 
of appl i cat i on , other pl acement methods  are common . These i nc l ude 
b roadcast app l i cat i ons where the P may be l eft on the soi l su rface , 
pl owed down or  d i s ked i nto the soi l ( Ham et a l . ,  197 3 ) , or  d ual  
p l acement ( Le i kam , . et al . ,  1983 ) where n i t rogen and phosphorus  a re 
i njected i nto the same retent i on zone be l ow the soi l s u rface . 
As was ment i oned earl i er ,  P i s  a rel at i vel y i mmob i l e  nut ri ent 
mak i ng pl acement cr i t i ca l  under ce rtai n cond i t i ons  ( We l c h  et al  . , 
1966 ) . P l ant roots must extend through the soi l profi l e ,  and then 
through a proces s  known as d i ffu s i on take up  phosphoru s .  Thu s , the 
effi c i ency of ut i l i zat i on i s  u sua l ly  greatest wi th  band i n g where the 
fert i l i zer  i s  mi xed wi th on l y  a port i on of the soi l as compared to 
broadcast 
6 
appl i cat i ons ( Si ngh  and Bl ack , 1964 ; Gary and Wel ch , 1 96 7 } . Rudd and 
Burrow ( 1973 } , found that super phosphate row-pl aced for wheat i n  
Aust ra l i a  was about twi ce a s  effecti ve a s  that appl i ed b roadcast at 
seed i ng . Other i nvesti gators have found s i mi l a r resu l t s for smal l 
grai n s  ( Ol son et a l  . ,  1956 ; Lutz et a l . ,  196 1 } . Peterson et a l  . ,  
( 1981 ) i n  a more recent study cont radi ct tHe concept of  a 2 : 1 
effect i veness rat i o of broadcast to row appl i cati on . They reported 
an  effect i veness rat i o of about 3:1 for soi l s  test i ng l ow in  P and 
1 : 1  for soi l s  test i ng  medi um i n  avai l abl e P i n  Nebra sk a . Banded P 
appl i cati ons  have been shown to_be superi or i n  the g reenhouse  
( Robi n son et  a l  . , 1 959 } and  in  the fi el d .  Lutz et  a l . ,  ( 1 961 } 
conducted tests on so i l s  l ow i n  avai l abl e P compari n g  b roadcast P ,  
post-emerge topd ress ,  and banded P appl i cat i ons  wi th  t he seed . 
Averagi n g  ac ross a l l l ocat i ons  and crops , they found  d i s k  
i.ncorporated broadc�s� appl i cat i ons to  be  42% as effecti ve as  the 
banded P appl i c at i ons . Topdress P appl i c�t i on s were 33% as effect i ve 
as the banded appl i cat i ons . 
Ol son and D rei er ( 1956 } i n  greenhouse experi ments , stu di ed 
the uptake of  fert i l i zer  P when appl i ed i n  di fferent manners wi t h  
rad i o i sotope t racers . When the ferti l i zer P was mi xed wi th the 
enti re soi l vol ume of potted soi l the effi c i ency was 60� as compared 
to pl ac i ng  P i n  a band wi th the seed . 
Research has general l y  shown that banded P appl i cat i on s  are 
more effecti ve than broadcast P appl i c at i on s  when a soi l has a l ow P 
fert i l i ty l evel or soi l temperatures are be l ow opti mum . But as soil 
temperatures reach opt imum and P fert i l ity l eve l s i nc rease , the 
di fferences between pl acement method s tend to d i mini s h . 
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Rob i n son et a l  . , ( 1959 ) reported that band appl i cat i ons  of  P 
were more effect i ve than mi xed P appl icat i on s  wi t h  soi l temperatures 
from 50° to 80° F .  These d i fferences were more str i k i ng at the l ower 
so i l temperatu res  ( 50°F ) and gradual l y  d i mi n i s hed as the so i l 
temperature was i nc reased to 80° F .  The banded P d i d i nc rease d ry 
matter product i on by 34% and fert i l i zer P recovery was doub l ed as 
compared to b roadcast P appl i cati ons at the hi gher temperatu res . 
Knol l et a l  . ,  ( 1964 )  reported s imi l a r re sul t s . 
Band i ng P genera l l y  becomes l ess  important as soi l P reserves 
ri se over t i me .  Barbe r  ( 1958 ) found that phosphorus appl i ed to bu i l d  
up soil P l eve l s was effective i n  i ncreas i ng yi e l d s  of a l l c rops in 
the corn , soybean , wheat and hay rotat i on .  Banded P appl i cation gave 
the greatest y i e l d response at the l owest soi l test l evel and t he 
respon se decreased as the P soi l test l eve l  i nc reased . 
Barber's resu l ts for the fi rst six years i nd i cated that corn 
was unab l e to get suffi c i ent phosphorus from row appl i cati ons  al one 
to produce maximum y i el ds .  Because wheat had a n arrowe r  row spac i ng ,  
yi el d s  wer� max imi zed wi th either method o f  appl i cat i on . 
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Maximum soybean y i e l ds  were obta i ned with  ei ther method and hay 
yi el d s  tended to be h i g her  with the h i g hest soi l test l evel . Barber 
a l so stated that the maxi mum p roduct i on for the rotation was obtained 
by using a high soil test l evel without row appl i cations .  Bureau et 
al . ,  ( 1 953 ) found  simi l a r resu l t s  with  soybeans .  
Stud i es by We l ch et al ., ( 1966 ) s howed that banded P for row 
crops can be higher in effectiveness  than broadcast  P at l ower rates 
of app l ication . They a l so found that highest yiel d s  were obtai ned 
wi th  a combinat i on of banded and broadcast P .  This ag rees wi t h  the 
data of Ham et a l  ., ( 1973 ) for soybeans and with Barber ( 1958 ) for · 
corn . Band i ng a l one on l ow P soil s was inadequate and suppl ementary 
broadcast P was needed to reach top yie l d s . 
Al es s i  and Power (1 980) , in an  experiment on wheat in No rth  
Dakota , found t hat add i t i onal bandi ng of  P was required to maxi mize 
grain p roduct i on ,  regard l ess  of prev i ou s  P fertil izer that had been 
appl ied . They found yiel d response to banded P on so i l s  t hat were 
not expected to be responsive . They attributed t h i s yiel d res ponse  
to  the  sti mu l ation of g rowth in  the coo l spri ngs of North  Dakota . 
Le i k am et a l . , ( 1 983 ) found that wheat g rain yie l d s  i n  Kansas 
were affected by method of N and P appl icat i on . G ra i n yie l d s  were 
l ower  when N and P were su rface appl ied as compared to .kn i fing  the N 
and P into the same retention zone be l ow the so i l  s urface . At 
several  of thei r exper i menta l  sites they att ributed �he yie l d 
i nc reases to pos i t i on a l  unavai l ab i l i ty of the s u rfa�e ·appl i cat i ons  
due to d ry su rface cond i t i ons . 
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Another factor t hat may affect P pl acement i s  the c rop 
requ i rements for phosphorus . J ungk  and Barber (1975 ) found that 
i nfl ow of phosphorus was maxi mum for corn pl ants about 28 days  ol d 
then decreased rap i dl y ,  so that at 50 days i nfl ow was one- fou rth the 
val ue  for 28 days . Edwards and Barber (1976 ) found the max i mum 
i n fl ow rate for P i n  soybeans was g reatest for 18  day-ol d  p l ants and 
at 69 to 74 days there was an approx imate 50% reduct i on of i nfl ow 
wh i ch was l es s  than that found for corn . Angh i non i et a l  . ,  (1981 ) 
found that wi t h  i ncreas i ng wheat pl ant age there was a reduct i on i n  P 
u ptake . They stated that i nfl ow rates for wheat can be compared wi th 
those for corn i n  the greenhouse . 
These h i gher i nfl ow requ i rements at earl y g rowt h  stages may · 
expl a i n the earl y season growth response to banded P that  d i sappeared 
l ater i n  t he · season . 
N i t rogen E ffects on P Uptake 
I nc reased absorpti on of phosphorus by pl ants  when n i trogen i s  
added to the soi l has  been recogni zed for many years . As ear l y as 
1939 i t  was observed that N i n  a fert i l i zer band p romo�ed P u ptake 
(Scarseth et al . , 1942 ) . 
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Experiments i n  Ind i ana i n  1 949 showed absorpt i on of  banded 
ferti l i ze� P was greater when N was i nc l uded i n  the band than when i t  
was appl i ed separatel y t o  corn ( Robertson et a l . ,  1954 ) .  In 
Nebras ka ,  N i ncreased u ptake of ferti l i zer P from bands by oats and 
wheat ( Ol son et al . ,  1956 ; Ol son and Drei er ,  1 956 ) . Lei kam et a l . ,  
( 1983 ) reported both gra i n yi el d and l eaf  t i s sue P concentrat i on s  
were con s i stent l y  i ncreased wi th s i mul taneous appl i cat i on s  of 
anhyd rous ammon i a  or urea-ammoni um n i trate and P on wheat in Kansas . 
Researchers have found s im i l ar resul ts  i n  other countr i e s  ( Renni e and 
M i tchel 1954 ; Renn i e and Soper , �958 ) , and i n  other c rops  such as 
su garbeets and potatoes ( Grunes et a l . ,  1958 ) . 
M i l l er and Oh l rogge ( 1958 ) , i n  a greenhouse study , reported 
that the effect of N on fert i l i zer P absorpt i on was greater when the 
two fert i l i zer band s were p l aced together ; and , i t  was at the l ow 
l evel of soi l P that N was most effect i ve i n  i ncreas i n g fert i l i zer P 
absorpt i on . 
Renn i e and Soper ( 1958 )  observed a l arge i ncrease i n  P 
absorpt i on by wheat when ammoni um n i trate ( NH4 N03 ) was mi xed 
throughout the soi l or pl aced i n  a band 2 . 5  em from the P band . 
Si mi l ar resu l t s  were found wi th sugarbeets ( Grunes et a l  . ,  1958 ;  
Werkhoven and M i l ler , 1960 ) . 
Leonce and M i l l er ( 1966 ) p l aced a fertil i zer  pe l l et 1 . 25 em 
to the s i de and 5 . 0 em above the t i p of a corn root and found that 
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the add i t i on of  ammon i um sul fate ( NH4 ) 2 S04 wi th  the P i ncreased the 
absorpti on of P by a fa.ctor of th ree . When they p l aced a P pel l et 
1 .25  em from a growi ng  root and the ( NH4 ) 2S04 pel l et 5 . 0 em from the 
P pel l et the ( NH4 ) 2 S04 d i d  not i nfl uence the absorpt i on of P .  They 
conc l uded at that t i me that the NH4+ i on must enter the root at the 
same poi nt as  t he P to cause i nc reased P absorpt i on .  
F rom the data d i scu ssed to th i s  poi nt i t  appears  that the 
addi t i on of N wi l l  i ncrease the absorpt i on of fert i l i zer P onl y when 
the N i s  m i xed wi th  the P. 
M i l l er and Oh l rogge ( 1958 )  observed that the add i t i on of N to a· 
fert i l i zer P band  caused an i ncrease i n  the amount of corn roots i n  
the band vol ume . Ol son and Dre i er  ( 1956 ) found n o  ev i dence of  
greater root growth  in  the  zone of the  N+P band i n  the greenhou se , 
but they d i d  observe a defi n i te enchancement of root growth i n  a s i de 
band conta i n i n g N and P i n  fi e l d pl ots . They had no i nd i cat i on of 
th i s wi th a P · onl y band . 
Duncan and Oh l rogge ( 1958 , 1 959 ) have stud i ed the  effect of N and 
P on root growth qu i te extens i vel y .  From thei r sp l i t-root stud i es , 
they found t hat a comb i nat i on of N and P g reat l y  i nc reased the  growth 
of the s i ng l e root i n  re l at i on to the remai nder of the root system . 
They al so stated that root wei ght was not the compl ete story . The 
roots that devel oped i n  the presence of both N. and P were much  fi ner 
and s i l k i e r  i n  appearance , and the number of roots was obv i ous l y much 
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greater . C l earl y the d i fference i n  root surface area between treated 
and untreated roots was . much greater than what root wei ghts  wou l d 
i nd i cate . In further stud i es ,  Duncan and Oh l rogge ( 19 59 ) showed that 
when ( NH4 ) 2 S0 4 was i ncl u ded wi th  P i n  pl acements of sma l l vol umes , a 
dense mass of  root s grew i n  and around the fert i l i zed area . I f  the 
ent i re soi l was fert i l i zed , there was no noti ceab l e effects on root 
growth . Duncan and  Oh l rogge a l so stated that there was no change in 
t he rati o of s hoots to roots , but that there was more of a changed 
d i stri but i on rather than a true st i mul at i on . Mi l ler and Vi j ( 1 962 ) 
observed s i m i l ar resu l ts wi th  su·garbeets . 
It can be seen from th�se data that·the add i ti on of N i n a  
fert i l i zer P band has a sti mu l ati ng  effect on root growth . Th i s 
i ncreased root growth wi l l  i ncrease the P absorpt i on from the  band 
and i s  therefore one mechani sm respons i b l e for the effect . It i s  
also apparent that i ncreased root growth i s  not su ffi c i ent to expl a i n 
a l l t he observed effects of N on P absorpti on . 
When fert i l i zer P i s  added i n  a band , a concentrated P 
sol uti on moves i nto the so i l , and the P i s  prec i p i tated as  vari ous 
reacti on products { L i ndsay and.Stephenson , 1 959 ) .  Any factor that 
wou l d  affect th i s  prec i p i tat i on cou l d be expected to i nfl uence the 
sol ub i l i ty of  the ferti li zer P i n  the soi l and the amou�t absorbed by 
the p l ant . 
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Sta rostk a  and  Hi l l  ( 1954 ) stud i ed the effect of  sol ub l e sa l t s 
on the sol ub i l i ty of d i cal c i um phosphates i n  an attempt to expl a i n 
the greater avai l ab i l i ty of th i s  P source when i t  was part of  a 
mi xture than when u sed al one . They found that sa l ts  such  as  
( NH4 ) 2 S04 marked l y  i nc reased the sol ub i l i ty of d i ca l ci um phosphate . 
Sal ts  such as NH4 N03 , wh i ch i nc reased the sol ub i l i ty onl y moderatel y ,  
occas i ona l l y  gave i nc reased c rop res ponse ; whi l e  sa l t s  such as  
Ca ( N03 ) 2 , wh i ch decreased the sol ub i l i ty ,  u sual l y  gave a negat i ve 
response . 
Ren n i e and M i tchel l ( 1954 ) attri buted the i ncreased 
avai l abi l i ty of  P i n  the p resence of NH4+ sal ts  to a l oweri ng  of pH 
i ri the fert i l i zer  band by the ac i d  NH4 N03 , or by n i t ri fi cati on of 
NH4+ . 
Ren n i e  and Soper ( 1958 ) , however , found that K2 S04 had as 
great an aci d i fy i ng ·effect as ( NH4 ) 2 S04 , but d i d  not i nc rease the 
fert i l i zer P absorpt i on .  They concl uded that the i ncreased 
fert i l i zer  P absorpt i on i n  the p resence of ( NH4 ) 2 S04 was due to an 
i n fl uence of NH4+ on the p l ants abi l i ty to take up P ,  rather than to 
any al terat i on of  the avai l ab i l i ty of the P appl i ed .  
From these stud i es , and many others , i t  can be concl uded that 
al though there a re chemi cal  effects of sa l ts i n  a fert i li zer band , 
the i nfl uence of N sa l ts  on the sol ub i l i ty of the fert i l i zer P has 
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not been s hown to be a maj or  factor respons i bl e for the i nc reased 
absorpt i on of fert i l i zer P .  
B l a i r et a l . ,  ( 1 970 ) observed that corn grown i n  a so l ut i on 
of NH4+ had a s i gni fi cantl y h i g her P content i n  the tops than corn 
grown i n  sol ut i on wi t h  N03- as the sou rce of N .  They bel i eved th i s 
was the resu l t  of a sti mu l ated ani on uptake i n  response  to cati on 
N ( NH4+ ) uptake . B l a i r d i d  state , thou gh ,  that.the i nc rease i n  P 
absorpti on was smal l i n  compari son to that reported i n  many so i l 
stud i es . They al so ob served an i ncreased absorpt i on o f  sul fate i ons 
and a decrease i n  so l ut i on cu l tu�e pH when NH4+ was the source of N .  
When N03- was the source of N ,  h i g her  pl ant l e vel s of ca2+ and Mg2+ 
and an i nc rease i n  nutr i ent sol uti on pH were measured . 
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Leonce and Mi l l e r  ( 1966 ) hypothes i zed . an effect of  t he NH4+ 
i on on the rate at wh i ch the phosphate�carri er compl ex rel eases the 
phosphate i on i nto  the xyl em . They pl aced pel l et s  conta i n i ng MCP 
both a l one and i n  combi nat i on wi th  ( NH4 ) 2S04 , KN03 , or NH4Cl  to the 
s i de of the ti p of a growi ng  root of corn . Autorad i ographs  of  the 
fert i l i zed zone showed an accumu l at i on of 32p i n  t he roots of the 
pl ants treated wi t h  P on l y  and wi th P + KN03 . No s uch accumu l at i on 
was observed i n  the roots t reated wi th P + ( NH4 ) 2 S04 or P + NH4Cl . 
The fert i l i zer  P content of the shoots was more than do�bl ed by the 
add i t i on of ( NH4 ) 2S04 . NH4Cl caused a s i gn i fi cant but somewhat l ower 
. i nc rease; whereas , KN03 decreased the fert i l i zer  P content of the 
shoots . Leonce and Mi 1 1  er  assumed that the P accumu l at i ons ·observed 
i n  the autorad i ographs were due to the effect of NH4+ on the rate of 
trans l ocat i on across  the root sympl ast i nto the xyl em . 
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I n  a l ater experi ment , Mamari l and  M i l l er ( 1970 ) c l earl y 
showed that the fert i l i zer P was accumul ated on , rather  than i n ,  the 
root . I n  t he absence of NH4+ , fert i l i zer P was p rec i p i tated on the 
root su rface i n  as soci at i on wi th ca2+ . No such preci p i t at i on was 
observed when NH4+ was present i n  t he fert i l i zer  pe l l et .  Th i s  
i nd i cated that the NH4+ i on prevented the prec i p i tat i on of fert i l i zer  
P at  t he root su rface and i ncrea�ed i ts absorpt i on .  
Mamar i l and Mi l l er ( 1970 ) ob served t hat the pH of  the roots 
and t he adherei ng  soi l removed from the v i c i n i ty of the ferti l i zer 
pel l et s  was 6 .7 when ( NH4 ) 2S04 was i nc l uded i n  the pel l et ,  6 . 9 wi th 
K2S04 , and 7 .3 wi th P onl y .  They concl uded t hat the l oweri ng  of the . 
pH i n  the presence o.f ( NH4 ) 2S04 wou l d reduce the tendency for 
prec i p i tati on . of  CaHP0 4 . 2H20 at a g i ven P concent rat i on . The h i g her 
proport i on of  P i n  the H2P04- form at the l ower pH wou l d a l so 
i nc rease the absorpt i on by the root because of the greater  rate of 
absorpt i on of  H2P04- i ons compared to HP042- i �n s  (Hagen and Hopk i ns , 
1955 ) . Thi s was i nd i cated s i nce P absorpti on was g reatest i n  the 
presence of ( NH4 ) 2 S04 , i ntermed i ate wi th  K2S04 , and l owest wi th P 
onl y .  
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R i l ey and  Barber ( 1969) found when work i ng wi t h  soyb�ans , 
that HC03- accumu l at i on and i ncreases i n  pH were re l ated to the NOJ­
l evel of  the soi l sol uti on . They attr i buted th i s effect to a greater 
uptake of an i ons than cat i ons wi th a rel ease of HC03- from t he 
pl ant . They hypot hes i zed that i f  the pl ant roots were suppl i ed wi th 
NH4+-N , the pH of the soi l - root i nterface wou l d dec rease because of 
the greater  cat i on than an i on u ptake . 
I n  a cont i nuati on of th i s  experi ment , R i l ey and Barber ( 1971 ) 
conducted a study on a soi l wi th  fou r d i fferent pH l evel s obta i ned by 
l i mi ng a soi l wi th  an i n i t i al pH of 5 . 5 .  Fert i l i zat i on wi th NH4+. 
decreased the pH of the soi l - root i nterface , whe re a s  fert i l i zat i on 
wi th N03- i nc reased i t . Armnoni um fert i l i zed p l ants had a h i g her P 
absorpt i on and P concent rat i on than the N03- treatment over a l l pH 
ranges . The P content was c l osel y corre l ated wi th  the pH  of the 
soi l - root i nterface put not wi t h  that of the bul k so i l . They 
concl uded t hat the i ncreased P avai l abi l i ty from the soi l fert i l i zed 
wi th NH4+ on the pH of the soi l -root i nterface . In thei r 
experi ments ,  P uptake was approxi matel y equal at a gi ven so i l - root 
i nterface pH for NH4+ and N03- and do not have.a s peci fi c effect on 
absorpt i on of P .  Soon and Mi l l er ( 1977 ) observed s i mi l a r resu l ts for 
corn . 
Severa l p l ant factors are affected by add i t i on s  of NH4+-N to 
P fert i l i zer·band s . The pri nc i p l e  effects are: ( 1 )  i nc reased root 
growth i n  the fert i l i zed zones , ( 2 )  i nc reased phys i o l o g i ca l  capac i ty 
of the root to absorb P ;  and ( 3 }  a l terat i on of the pH at  the 
soi l - root i nterface due to excess cati on over an i on absorpt i on and a 
rel ease of H+ i on s  from the p l ant . The l ast mechan i sm i s  p robabl y 
respon s i bl e for the i nc reased absorpt i on of P upon add i t i on of  NH4+ 
at very earl y  g rowth  stages . The i nc reased root g rowth , and 
i ncreased phys i o l og i ca l  capac i ty of the root to ab sorb P, wou l d  be a 
factor after the pl ant has grown a l i tt l e ol der . 
The i nc reased absorpt i on due to reduct i on i n  pH  of the  
soi l - root i nterface wou l d  occur onl y wi th an NH4+ source of N ,  as 
N03- wou l d tend to i nc rease the pH , thus reduce the absorpti on . The 
i ncreased absorpt i on i s  not l i mi ted to NH4+ . Whenever cati on 
absorpt i on exceeds an i on absorpt i on a reduct i on i n  pH wou l d  occu r .  
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O n  the other hand , when an i on absorpt i on exceed s cat i on absorpt i on an 
i ncrease i n  pH wou l d-occu r . 
I n fl uence of  T i l l age on Phosehorus Ferti l i zati on 
No-t i l l age pl ant i ng has gai ned acceptance i n  some a reas of the 
Un i ted States . There a re some poss i b l e  advantages d ue to  no-t i l l  
pl ant i ng .  Among  these a re soi l and water conservat i on ,  pos s i bl e  
mi ni m i zat i on of s hort term drought , pos s i b l e cost reduct i on s ,  i n  some 
cases i mproved soi l st ructu re , and ei ther  h i g her.y i e l d s  .or no 
si gni fi cant d i fferences i n  y i el d ( Free et a l . ,  1 96 3 ; Moody et a l  . , 
1961 ) .  
The no-t i l l  system of pl ant i ng  u sual l y  cons i sts  of  pl a nt i ng 
i nto the p revi ous  year's c rop res i due wi th a m i ni mum amount of  soi l 
d i stu rbance to get the seed i nto the soi l and covered . No p ri mary 
t i l l age i s  used and herb i c i des are used to control weeds ,  o r  some 
comb i nat i on of cul t i vati on and herbi ci des . 
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Reduced t i l l a ge systems , wh i ch con s i st of ch i sel p l owi ng ,  
ri dge pl ant i n g ,  or several other methods , have vary i ng  amount s  of 
t i l l age that a re performed wi th some port i on of t he c rop  res i due 
rema i n i n g  on t he soi l su rface . Some t i l l age and cu l t i vati on i s  
pract i ced wi th t hese systems . Weeds are cont rol l ed wi th cu l t i vat i on , 
herb i c i des , or some comb i nat i on of the two . 
The convent i onal  method of growi ng  crops no rma l l y  means 
pl anti ng  i n  a soi l prepa red by pl owi ng  and work i ng the  so i l wi t h  one 
or more d i s k i ng s  and/ or  harrowi ng s .  Very l i tt l e  c rop res i d ue i s  l eft 
on the su rface and weeds are agai n control l ed by cul t i vat i on and/or 
herbi c i des . 
When t he amount of ti l l age i s  reduced , the capab i l i ty for 
fert i l i zer  i ncorporati on is a l so reduced . Due to the i mmob i l i ty of 
phosphoru s ,  th i s method of fert i l i zati on mi g ht be a p ro� l em wi t h. 
no-t i l l  p l anti n g  as compared to convent i onal til l age . 
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Si ng h et  al  . ,  ( 1966 ) reported that the u ptake  of  appl i ed P 
was unaffected by t i l l age method . Bel cher and Ray l and ( 1972 )  
concl uded that P su rface-appl i ed i n  a no-ti l l  system was equa l  i n  
effecti veness to P i ncorporated i nto the soi l throu gh conventi onal 
t i l l age . E stes ( 1972 ) found s i mi l ar resu l t s , i n  New Hamps h i re . Kang 
and Yunusa  ( 1977 )  found on a t ropi cal soi l i n  N i geri a that P appl i ed 
i n  the h i l l , banded or broadcast were a l l equa l l y  effect i ve i n  
suppl yi ng adequate P to the · mai ze c rop  wi th no-t i l l  or  conventi ona l 
t i l l age methods .  
The experi ments menti oned to th i s poi nt have a l l been i n  
a reas of adequate moi sture . The use of the no-t i l lage method a l so 
conserves soi l moi sture and keeps the soi l su rface from d ry i n g  out 
due to the res i due cover on the su rface . Si n g h  et a l , .  ( 1966 ) . 
reported more roots were i n  the top 5 em of soi l as  compared to 
convent i ona l  t i l l a ge� resu l t i ng i n  adequate P abso rpt i on by the 
p l ant .  
I n  South  Da kota th i s  may not be true . Qu i te often moi stu re 
shortages a re experi enced and the topsoi l drys out . W i th  d ry 
cond i t i ons i n  the topsoi l ,  root act i v i ty decreases and n utri ent 
uptake may al so dec rease from th i s  zone . Therefore , wi th  reduced and 
no-t i l l age agri cu l t u re i n  South Dakota i t  may be necess a ry to pl ace 
phosphorus l ower i n  the profi l e ,  as compared to b roadcast i ng ,  to 
ma i nta i n adequate phosphorus to the pl ant duri n g  the  ent i re growi ng  
season . 
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Methods and Materi al s 
Two research s i tes were estab l i shed i n  the spr i n g  of 1982 to 
study ti l l age fert i l i ty i nteract i ons ( Tabl e 1 ) . One s i te was l ocated 
i n  nort hwestern B rook i ngs County . Th i s  s i te wi l l  be referred to  as 
the East Central  ( EC ) si te . The second s i te was l ocated i n  
north-western C l ay County i n  southeastern South Dakota . Th i s  s i te 
wi l l  be referred to as  the Southeast ( SE ) si te . 
Experi mental  des i gn at both l ocat i ons was a sp l i t- sp l i t  pl ot 
randomi zed compl ete b l ock wi th  4 repl i cat i ons . Ti l l age was the mai n 
p l ot wi th soi l test l evel the fi rst sp l i t  and P t reatment the  second . 
spl i t .  Pl ot d i men s i ons were 5 . 5  m by 1 2 . 2  m ,  and 5 . 5 m by 10 . 7  m for 
the SE and EC s i tes , respecti vel y .  
The EC s i te was cropped i n  a corn-oats rotat i on wi t h  onl y one 
of the c rops be i ng g rown each year . The ti l l age systems i ncl u ded 
were convent i ona l (mol dboard pl ow ) , ch i sel pl ow and no-t i l l . The 
conventi onal and ch i sel p l ow cons i st of pl owi ng i n  the fa l l  and 
spri n g  d i s k i ng to prepare for pl ant i ng .  The no-ti l l  system for corn 
con s i sts of a f l uted cou l ter ti l l i n g a smal l area in front of the 
pl anter un i t . For oat s ,  a Nob l e dr i l l  was u sed wh i ch has l a rge 
cutt i ng cou l ters and furrow openers wi th h i gh cl earance for t rash  to 
pas s  through . Corn stal ks were d i sked once pri o r  to oat s seed i n g . 
Tabl e 1 .  Locati on and soi l characteri st i cs of phosphorus management s i tes at establ ishment . 
S i te county o.M. NOJ-N Bray P NA4Ac-K ____ PH ______ Serres ________ Cla-ss-fffc-a-tl-on • _ , 9 
SE Cl ay 
EC Brooki ngs 
-------�-���--�------- K--g- � ----- na------------
1 ( 0-61cm )  ( 0- 15cm ) ( 0- 15cm� 
2 . 7 127 9 588 
3 .2 26 16 398 
7 . 5 
6 .7 
Egan 
( Domi nant ) 
Poi nsett 
Ud i c  Hapl ustolls 




At the SE �i l l age s i te a corn- soybean rotat i on was used wi th 
each crop bei ng g rown each year . The t i l l age systems i ncl uded at 
thi s s i te were conventi onal (mol dboard pl ow ) , t i l l  pl ant ( ri dge pl ant 
system ) and no-ti l l . Agai n ,  the mol dboard p l ow was used i n  the fall 
whenever pos s i b l e wi th  spr i n g  t i l l age conducted pr i or  to  pl ant i n g .  
The t i l l -pl ant system cons i sted of bui l d i ng a r i d ge d u r i ng  t he fi nal 
cu l t i vati on to p l ant on the foll owi ng  year . The p l anter  was equ i pped 
wi th a pai r of row c l ean i ng d i scs wh i ch c l ear res i d ue and p repares a 
nearl y l evel p l ant i n g area on top of the ri d ge . The t i l l ed area i s  
s l i ghtl y wi der than the guage wheel s on the pl anter un i t . A fl uted 
coul ter then pas ses th rough before the pl anter un i t  to f racture the 
·area in wh i ch the p l anter uni t i s  to operate . Thi s i n s u res t he 
pl anter  un i t wi l l  penetrate to the proper  operat i n g  dept h . The 
no-t i l l  system for corn and soybeans at t he SE s i te was the same as . 
at . the EC s i te for corn . 
P rior ·to p l anti ng i n  1982 phosphoru s was app l i ed to spec i fi c  
bl oc ks to establ i s h soi l test l evel s at each s i te . Rates o f  0 ,  1 1 2 , 
and 224 k g  P20 5 ha -1 were appl i ed at t he SE s i te wh i l e  rates of 0 ,  
90 , and 180 k g  P20 5 ha - 1  were app l i ed at the EC s i te to gi ve a range 
of soi l test val ues ( l ow ,  med i um ,  h i g h ) . The EC s i te was plowed to 
i ncorporate the broadcast P whi l e  at the SE s i te the P was 
i ncorporated wi th a fi e l d cu l t i vator due to wet soi l cond i t i ons that 
d i d  not perm i t  pl owi ng in the spri ng  of 1982 . The SE s i te was then 
p l owed i n  the fal l of 1 982 to i n s u re adequate i ncorporat i on of the 
fert i l i zer P ,  sub�equent l y  el i mi nat i ng t he t i l l age vari ab l es  for the 
1983 g rowi ng  season . 
Four phosphorus pl acement methods we re compa red at each 
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s i te .  The four  p l acement methods were : ( 1 )  b roadcast on the soi l 
su rface and i ncorporated where t i l l age permi t s , ( 2 )  a starter  band 
p l aced 5 em to the s i de and 5 em bel ow the seed i n  corn and soybeans , 
o r  d i rect l y  wi th  the seed i n  oats , ( 3 ) P i nj�cted s i mu l t an i ous l y  wi th 
n i t rogen ( dua l  p l acement ) 1 2  to 15  em dee� , and (4 ) sp l i t  app l i cat i on 
where a port i on of the P was dual  pl aced and the rema i n i n g was  
appl i ed i n  a starter band si mi l ar to number two . Phosphorus 
treatments appl i ed i n  1 982 and 1983 are gi ven i n  Tab l e 2 .  
Topd ressed appl i cat i ons were broadcast on the so i l s u rface by 
hand i n  1 982 as tr i pl e superphosphate ( TSP ) . _ I n  1 983 , topd res sed 
appl i cat i on s  were made by pump i ng l i qu i d  ammoni um pol yphosphate ( APP) 
to fou r nozzl e s  46 em apart on a spray boom and u n i forml y sprayi ng  on 
the soi l su rface . These broadcast appl i cat i on s  were i ncorporated 
wi th  afi el d cu l t i vator and d i s k  at the SE s i te for 1982 and 1983 , 
respect i vel y .  At the EC s i te the topdressed appl i c at i on s  were d i s k  
i ncorporated i n  1 982 and 1983 . 
Starter appl i cat i ons were made wi th a sta rter fertil i zer 
attachment i n  a 5x5 em band as TSP at both  s i tes i n  1 982 .  I n  1 983 
APP was used as  t he P sou rce for starter appl i c at i ons . L i qu i d  APP 
was pumped and d i stri buted th�ough spray nozzl es  to the starter d i sc 
Tabl e 2 .  Phosphoru s pl acements and rates appl i ed i n  1 982 







Check ( 0 )  
Topdres sed ( 28 B )  
Topdressed ( 56 B )  
Starter Band 5cmx5cm 
( row c rop ) or  w/ seed 
( oats ) ( 28 D )  
Kn i fed w/ n i t rogen 
( dual  pl acement ) ( 28 K )  
20 . 2  K g  k n ifed w/ n i t ro gen 
+ 7 . 2 Kg as starter ( 28KD) 
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openers on the co�n pl anter ,  and through the fu rrow ·openers on the 
grai n d ri l l , d i rectl y wi th  the seed . 
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For k n i fe appl i cat i on s , sol uti ons we re pumped to fou r  
app l i cat i on s han k s  spaced 46 em apart . Each s hank was equ i pped wi th 
two d i scharge tube s , the front tube to i nj ect the n i t rogen sou rce and 
the rear one for the phosphorus  source . Al l k n i fe app l i cat i ons  were 
i nj ected between 1 2 and 15 em deep . 
I n  1 982 aqua ammon i a  { 14-0-0 )  was used as the N source and APP 
as the P sou rce . The aqua ammon i a  and APP were p remi xed and appl i ed 
through the same d i scharge tube wi th a squeeze pump for corn . For . 
soybeans the APP was k n i fed wi t h  no add i t i onal n i t rogen . Al l kn i fe 
appl i cat i ons i n  1982 were made after crop emergence: 
Li qu i d  u rea ammon i um n i t rate ( UAN ) ( 28-0-0 )  was u sed as the N 
source , and APP as t he P source i n  1 983 . Each sol uti on was 
d i st ri buted by squeeze pumps to separate d i scharge tubes . No N 
source was used for the soybeans agai n other t han the N contai ned i n  
the APP . Al l kn i fe appl i cat i on s  i n  1 983 were made p ri o r  to p l ant i ng .  
N i t rogen was appl i ed to corn pl ots at a rate of 78 k g  ha-l i n  
1 982 for both the EC and SE s i tes . I n  1983 N was appl i ed to corn and 
oat p l ots at 1 55 kg ha-l and 165 kg ha-l for the SE and EC  s i tes , 
respect i vel y .  These rates were based on recommendat i on s  by the South 
Dakota State Un i vers i ty Soi l Test i ng Laboratory . 
26 
The use  of APP as the P source i ncreased n i t rogen fert i l i zer  
l evel s for some t reatments d ue to  the N contai ned i n  th i s source . 
Th i s  was corrected by broadcast i ng  ammoni um n i t rate at a rate of 12 
kg N ha-l at the SE s i te and 8 kg N ha-l at the EC s i te to  those 
pl ots whi ch recei ved l ower n i t rogen appl i cat i on s  i n  1 983 . Other  
cu l tural  pract i ces a re l i sted i n  Tabl es 3 & 4 for 1982 and  1 983 
respect i vel y .  Pa rameters measu red duri ng 1982 and 1 983 were gra i n 
yi el d ,  s i l a ge y i el d ,  ear l eaf P content , s i l a ge P content , and grai n 
P content . Y i el d  determi nati ons for corn and soybeans were made from 
the m i dd l e two rows of the s i x r�w pl ots . Corn was ha rvested by hand 
from two rows 6 . 1  m i n  l engt h . Si l age yi el d s  were determi ned after 
grai n h arvest i n  the area where corn had prev i ousl y been ha rvested 
from 3 . 05 m l en gth i n  each of two rows . Soybean y i e l d was measu red 
by 21 . 9  m of row harvested wi th a sma l l p l ot comb i ne .  Oat g ra i n  
yi el d s  were determi ned by harvest i ng fi ve rows spaced 2 3  em apa rt 
wi th  a sma l l ·p l ot comb i ne .  Oatl age determi nati ons were made by hand 
harvest i ng . 84 m2 from each pl ot . 
Ear  l eaf  sampl es were taken for corn at s i l k i n g  stage . The 
l eaf  be l ow and oppos i te the ea r was taken from ten pl ant s wi t h i n  each 
p l ot .  Soybean l eaf  sampl es  were taken from the l atest compl ete 
tri fol i ate at the ea rl y bl ossom stage ( Rl ) . 
Al l p l ant materi a l s were dri ed and ground i n  preparat i on for 
chemi ca l  ana l ys i s .  Sampl e s  were wet ashed wi t h  n i t r i c and perch l ori c 
ac i ds and P determi ned by the vanadomolybdate proced u re .  
Tabl e 3 .  Cul tural pract i ces for corn and soybea ns 1982 . cul-tu-ral _________ rast-�entrall--------------------�outfiiast __ _ 
Practi ce Corn Corn SoYb-eans 
Past crop Corn Soybeans Soybeans 
Vari ety P1oneer 3906 Pi oneer 3906 Corsoy 79 
P l anti ng date May 19 June 8 June 7 ,  1 1  
P l anted pop .  54 , 100 p./ha 57 , 300 p./ha 29 1 , 500 p./ha 
Harvest date Sept . 24 Oct . 20 Nov . 1 
Harvest pop. 48 , 200 p./ha 54 , 100 p./ha - - - - - -
Insecti c i de Furadan Counter 15-G - - - - - -




Tab l e 4. 
Cultu ral 
Pract i ces 
Cu l t u ral  pract i ces for corn , soybean s and oats, 1983 . 
E a st Central Southeast 
· 
Past c rop 
Vari ety 
P l ant i ng date 
P l anted Pop." 
Harvest date 
Herb·ic ide 




95  k g/ha 
Aug . 8 
B ronate 
Soybeans 
Pi oneer  3732 
May 28 
58 , 500 p ./ h a  
Sept . 1 3  
Las so/B l adex 
Corn 
Co rsoy 7 
May 27  




So i l  sampl es  were anal yzed for Bray-P ( Kn ud�en . 1980 ) and for 
l i me and monoca l c i um phosphate potent i al s by the procedures of A sl yng 
( 1954 ) as mod i fi ed by F i xen ( 1983 ) . 
The P- fi xat i on capab i l i ty of the two soi l s eri e s  were 
determ i ned by p rocedures gi ven by Mclean et al  • •  ( 1982 ) . Phosphorus 
rates used i n  the qui c ktest study were 0 and 60 u g  P/g  of so i l wi th a 
two hour equ i l i b rat i on t i me .  One gram sampl es had 0 . 5 ml of  water or 
0 . 5  ml of t he phosphoru s  sol uti on carefu l l y  added to  d i st ri bute the 
l i qu i d uni forml y over the soi l . After a two hou r equ i l i brat i on t i me .  
each sampl e was ext racted wi th the B ray-1 proced u re and recoveri es . 
were ca l cul ated . 
Resul ts  and Di scuss i on 
E stab l i shment of  Soi l Test Level s 
Appl i cat i on of phosphoru s for soi l test l evel establ i s hment 
was successfu l  on t he Poi n sett seri es ( Udi c  Boro l l s ) at the EC s i te 
and part i a l l y  succes sfu l  at the SE s i te . Soi l test l evel 
measurements were made from the check p l ot wi th i n each soi l test 
l evel b l oc k . Sampl es  we re taken i n  the fa l l of 1 982 and spr i n g  of 
1 983 fo r the EC and SE s i tes respecti vel y .  Soi l test resu l ts are 
reported for the EC and SE l ocati ons i n  Tab l e 5 and  6 res pect i vel y .  
So i l test l evel s estab l j s hed at the E C  l ocat i on gave an 
overal l range of l ow ,  med i um and h i g h  soi l test va l ues accord i ng to 
ranges used by t he Soi l Test i ng Laboratory at South Dakota State 
Un i vers i ty .  
Due to the soi l var i abi l i ty at the SE l oc at i on and the 
propert i es of the Wa konda seri es ( Aqu i c Cal c i u stol l s ) , a u n i form 
range of soi l test val ues was not obtai ned . The E gan  seri es ( Udi c 
Hapl u stol l s ) d i d have a range of soi l test val ues but t he Wa konda 
ser i es was not effected by the l a rge appl i c at i on s  of  P20s i n  the 
spri ng  of 1982 . 
These resu l ts p rompted a l aboratory i nvest i gat i on to 
determi ne  the reacti on p roducts formed after the add i t i on of 
fert i l i zer P to these soi l seri es . 
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Tab l e 5 .  So i l  test l evel s for the East Central l ocati on . 
Repl i cati on 
-- - - - - - - -- - - kg ha-l --- - - - - - - - -- - - - - - -- - - - - - - -
Low 20 }! 10 15 16 1 5 
Medi um 31 20 25 24 25 
H i gh 45 34 33 31 36 
!J Soi 1 test va l ues reported are mean val ues of check pl ots acros ·s 
ti l l a ge systems wi th i n each rep l i cati on ; sampl es taken i n  fal l 
of 1982 .  
Tab l e 6 .  Soi 1 
Range 
Low 
Med i um 
H i gh 
Range 
Low 
Med i um 
H i gh 
test l evel s for the Southeast Locat i on .  
1 2 
Re21 i cat i on 
3 4 Average 
- -- - - - - - - -- - k g  ha-l -------------------------
19  .!! 
25 
35 
1 2  19 
19 20 
28 30 
Repl i cat i on 
6 7 
22 18 
23  2 2  
34 32  
8 Average 
-- - - -- - - - - - - kg  ha-l � - - - - - - - - - - - - - - - - - - - - - - - -
27 1 5  1 3  2 1 19  
28 21 1 5 38 26 
2 7  3 1  43 33 33  
!J So i l  test · val ues reported a re mean val ues ac ross t i l l a ge systems 
wi th i n eath repl i cati on ; sampl es taken i n  sp ri n g  o f  1983 . 
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Soi l P hosphoru s Sol ub i l i ty Rel ati on shi ps 
When phosphorus ferti l i ze rs a re appl i ed to  so i l s  react i on 
products are formed whi ch d i ffer i n  sol ub i l i ty .  The more stab l e P 
mi neral s such a s  CaHP04 . 2H20 ,  d i ca l c i um phosphate d i hy drate ( DCPD ) or  
Cag ( P04 ) 6 . 5H20 ,  octaca l c i um phosphate ( OCP ) have  been stud i ed qu i te 
exten si vel y .  
The appl i cat i on of phosphate potent i a l s to i dent i fy these 
mi neral  forms has  been used ( L i ndsay and Moreno , 1960 ) . D i agrams 
re l ati ng  the phosphate potent i a l , PH2P04 + 0 . 5  pCa , to l i me 
potent i al , pH - 0 . 5  pCa , for the cal ci um phosphates occu rr i ng i n  
neutral and a l ka l i ne soi l s  have been constructed . 
The so i l s  at the SE s i te had a l ower i n i t i al P l evel  than the 
soi l seri es  at the EC s i te . Phosphate potent i a l s ca l cu l ated on 
sel ected p l ots from both s i tes are shown i n  F i g u re 1 .  The Wakonda 
seri es , whi ch i s  ca l ca reou s at the soi l su rface , fe l l on or  near the 
B-tr i cal c i um · phosphate ( TC P ) i sotherm . P l ots wh i ch had recei ved 1 1 2  
and  224  k g  P205 ha- l  had s i mi l ar phosphate potent i a l s as  the 
unfert i l i zed check p l ots . 
The Egan seri es whi ch has a l ower pH than the Wakonda seri es 
fa l l s  between the hydroxapati te and TCP i sotherms . The Poi n s ett 
seri es at the EC s i te has the 1 owest pH of the th ree so_i 1 types and 
fa·l l s  bel ow the hyd roxapa� i te ( HA ) i sotherm .  - Sol ut i on P l evel s i n  
the Wakonda soi l seem to be cont rol l ed by TCP .  These resul t s  are 
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p Po i n sett . 1 
W Wakonda 
4 . 5  5 .0 
E E 
E E E p E E 
5 . 5 
pH-0 . 5 pCa 
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DCPD 
E E E 
E 
TCP 
6 . 0  6 . 5  7 . 0 
F i g .  1 .  P ho s p ho r u s  sol u b i l i ty i n  Wakonda , E g a n  and Poi n sett 
s o i l s . fe rt i l i zed wi t h  s o n · t e st e s t a b l i sh ment rates. 
i n  1 982 . 
s imi l a r to those .found by Fi xen et al . ,  ( 1983 ) for ca l careou s soi l s  
found i n  typi ca l  fi e l d cond i t i ons i n  Col orado . Ca l c i um hyd roxi de 
potent i a l s dec reased at the SE l ocat i on for the Egan soi l seri es . 
Several poi nts of the  Egan seri es fal l near the TCP i sotherm . 
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The pl ots were i n  a reas next to the Wakonda seri es  and cou l d pos s i bl y 
be an i ntergrade between the E gan and Wakonda seri es . 
The Poi n sett seri es  from the EC s i te has about the s ame 
phosphate potent i a l  as the Egan seri es but cal c i um hyd rox i de 
potent i a l s are con s i derabl y  l ower . Phosphorus sol ub i l i ty appears to 
be cont rol l ed by hydroxapati te or fl uorapat i te ( the l atter i s  not 
i ncl uded as  an i sotherm i n  th i s fi gure ) . 
Percent phosphorus recovery i s  gi ven i n  F i g u re 2 . The 
Wakonda seri es had a much h i gher fi xat i on ca�aci ty than the Egan 
seri es . The average recovery for the Wakonda seri es was 
approx i matel y 44 . 8%·, whereas the Egan seri es recovery averaged 
approxi matel j 58% . The qu i c ktest method used to eval u ate these two 
soi l s  shows the p rob l em the Wakonda seri es c reates when fert i l i z i ng 
wi th  phosphoru s . The equ i l i b rat i on peri od for th i s qu i c ktest method 
was two hou rs . I n  the fi e l d ferti l i zer  P was broadcast  on the  
su rface and  then i ncorporated throughout the  0-20 em zone of the soi l 
profi l e .  Sampl e s  were then taken the fol l owi ng . s p ri ng . The t i me 
peri od of one yea r  i s  a l �ng peri od of ti me compared to the two hour 
qu i cktest method for equ i l i brat i on and cou l d seemi ngl y expl a i n no 
80 
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Wakonda W- Y = 16 . 7 7 6  + 2 . 00b r 2= . 6 26 
E ga n  E �� A 49 . 9 22 + 0 . 40b r2= y = . 4 1 3  
5 1 0 1 5  20 2 5 . 30
. 
Soi l Test Level � k g  ha - l 
F i g .  2 .  · Fert i 1 i ze r phos phorus  recovery as a f fect ed by s o i  1 
s e r i es and s o i l test l eve l at t he SE l oc a t i on . 
change i n  soi l t�st l evel s on the Wakonda seri es d ue to the l a rge 
app l i cat i on of P20s i n  the spri ng  of 1 982 . 
I nteract i on of Soi l Test Level and Phosphorus P l acement Methods for 
Corn and Soybeans,  1 982 
Ra i nfa l l d i str i but i ons  i n  1982 and 1 98 3  were qu i te d i ffe rent . 
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Both yea rs began wi th  extremel y wet cond i t i ons whi ch del ayed pl anti ng 
at both s i tes each year . I n  1 982 moi stu re rema i ned adequate from 
p l ant i ng  th rou gh  the enti re growi ng sea son . After p l ant i ng i n  1983 
the East Central  s i te recei ved very l i tt l e rai nfa l l .  The Southeast 
l ocat i on had several l arge rai ns i n  J une wh i ch saturated t he soi l 
profi l e .  After  these ra i n s i n  June very l i ttl e ra i n fa l l was recei ved 
and by the end of Augu st soi l mo i sture had become a l i m i t i n g factor . 
The spri ng  of  1982 was the estab l i s hment yea r for the  
l ocat i on s  and  fa l l t i l l age had been performed at  both  s i tes . To 
i ncorporate the soi l test l evel appl i cati ons of P the EC s i te was 
p l owed i n  t he spr i n g  of 1982 . The SE l ocati on was not p l owed unt i l 
the fa l l of 1982 . Therefore data reported throug h  the remai nder of 
th i s secti on for t he SE and EC l ocat i ons have no t i l l a ge var i abl e .  
The effect s of phosphorus treatments on co rn ear  l eaf  P 
content for the Southeast and East Cent ral l ocati ons  for 1982 a re 
gi ven i n  Tab l e 7 .  Ear  l eaf  P concentrat i ons  trended h i g her  wi t h  
added P o n  a soi l test i ng l ow i n  avai l ab l e  P at both l ocat i on s ,  but 
d i fferences were non s i gn i fi cant . The i ncrease i n  soi l test l eve l s 
Tabl e 7 .  I n fl unece of P management on corn ea r l eaf  P content under convent i onal 
t i 1 1  age i n  East Centra 1 _ an� ___ S()'!th��-�t_SQtlttLQakot� 1 982 . 
�olnl ---------------------cr ___ _ 
Test P Treatment -
Level Locat i on 0 288 568 280 2SK �KD ___ __ Average 
k g  ha-l - - - - - - - - - - - � - - - - - - - - - - - � - % p �/--------------------------
L ( 15 )  EC . 286 .345 . 324 . 327 . 322 . 342 . 324 
( 18 } SE . 284 . 295 . 298 . 307 . 302 . 327 . 3 13 
M ( 25 ) EC . 332 .334 . 336 . 325 . 347 . 331 . 338 
SE . 311 . 312 . 320 . 312 . 333 . 340 . 32 1  
H ( 37 )  EC . 337 . 333 . 349 . 319 . 326 . 337 . 330 
.323 .323 .333 .333 .320 
SE l ocat i ons : nons i gnifi cant at 0 . 10 
2/ 0 = check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P205 Topdressed , 
280 = 28 Kg P205 ha-l · i n  5x5 em starter band or wi th seed i n  sma l l gra i n ,  
28K = 28 Kg P205 ha-
l dual pl aced wi th  N ,  28 KO = 20 . 2  Kg P205 ha-
l 
dual pl aced wi th N and 7 . 2 Kg P205 ha-
l i n  starter band or wi th  seed i n  smal l 
grai n .  
w CX> 
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to med i um and h i gh  a l so tended to i ncrease phosphorus  concent rations , 
but agai n d i fferences were not s i gn i fi cant at the 0 . 10 l evel . At the 
SE l ocat i on a h i gh  test l evel seemed to maxi mi ze P concent rat i on , 
wh i l e  at the EC l ocat i on the medi um and h i gh  test l evel s seemed to be 
equa l . These resu l t s  a re s i mi l a r to resu l t s  found  by Barber ( 19 58 ) 
for corn . 
Co rn y i el ds for 1982 at both  l ocat i ons  are g i v en i n  Tab l e 8 .  
Grai n y i e l d s  a t  t h e  EC l ocat i on may have been depressed somewhat due 
to an ea rl y frost i n  September . There was a s i gn i fi cant res ponse 
( 0 . 02 l evel ) to soi l test l evel s at th i s s i te .  Gra i n y i e l d s  at the SE 
l ocat i on were greater even though the pl ant i ng date was l ater . These 
h i g her  yi e l d s  cou l d  poss i bl y  be attri buted to a l ac k  of earl y frost 
and a greater n umber  of growi ng  degree days at the SE l ocati on . 
Aga i n ,  as  at the EC s i te ,  there was a s i gni fi cant g ra i n y i e l d 
i nc rease d ue to the soi l test l e vel s whi ch were part i a l l y  establ i shed 
i n  the spr i n g  of 1982 . 
Si l age y i el d s at the EC and SE l ocat i on s  are g i ven i n  Tabl e 
9 .  The earl y  frost at the EC l ocat i on was hard enou gh to d rop some 
l eaves from the stal ks qnd may have dep ressed s i l age y i e l d s  
s l i ghtl y .  A t rend o f  i nc reas i ng s i l age yi el d a s  soi l test l evel 
i nc reased i s  apparent in the data ; however , the d i ffer�nces a re not 
s i gn i fi cant at the 0 . 10 probabi l i ty l evel . 
Tabl e 8 .  I nfl uence of P management on corn gra i n  yi el d under convent i onal 
t i l l age i n  East Central and Southeast South Dako�al 1 982 . 
so-n--
-- --�----------------------------------cr-----
Test P Treatment -
Level Locati on 0 . 288 568 2BD 28K 2�K-D----�verage 
kg ha-l 
L ( 15 )  EC 
( 18 )  SE 
M ( 25 ) EC 
{ 22 )  SE 
H ( 36 )  EC 
�32 }  SE 
------------------- kg ha -1 1 5 . 5% H20 1/ ------------------, -
6840 6900 7450 7 150 6590 7 150 7010 
7720 7530 7650 7640 7590 7840 7760 
7340 7460 7530 7340 7340 7720 7750 
8720 8220 8220 8530 8600 8280 8840 
7830 7530 7530 7280 I 7590 7590 7750 
8220 8780 8660 8660 8840 8590 8860 
lJ Stati st i cal Anal ys i s: For EC l ocati on : Probabi l i ty of F test for soi l test 
l evel = 0 .02 ; P treatment and i nteract i on nons i gn i fi cant at 0 . 10 l evel ; for SE 
l ocat i on: Probabi l i ty of F test for soi l test l evel = 0 .02 ; P treatment and 
i nteract i on nonsi gni fi cant at 0 . 10 l evel . 
� 0 = Check , 288 = 28 Kg P205 ha-l Topdressed , 568 = 56 Kg P205 Topd ressed , 280 = 28 Kg P205 
ha-l i n  5x5 em starter band or wi th seed i n  smal l grai n ,  28K = 28 Kg P205  ha-
l dual pl aced 
wi th N ,  28 KD = 20 . 2 Kg P205 ha-l dual pl aced wi th N and 7 . 2  Kg P205 ha-
l i n  starter band or 
wi th seed in smal l grai n . 
+:=-0 
Tabl e 9 .  I nfl uence of P management on corn s i l age yi el d under convent i onal  
t i l l age i n  East Central and Southeast South Dakot�, 1 982 . so-·n----------------------------- -- ---�---- -----------c1 
Test P Treatment -
Level Locat i on 0 288 568 280 28K 28KD Average 
kg  ha-l -------------------- Mg ha-l , 60% H20 !/---------------
L ( 15 )  EC 28 .0  27 .8  30 .0 28 . 7  27 . 6  30 .0  28 .9  
( 18 )  SE 32 . 5  32 . 5  32 . 5  38 .9  30 . 9  34 . 5  32 . 7  
M ( 25 )  EC 29 . 3  30 .0 29 .8  28 .7  29 . 6  30 . 7  29 . 8  
SE 33 �6  35 .3  36 .7  37 . 2  37 .6  36 . 7  36 .0 
H ( 36 ) EC 30 . 5  30 .2  30 . 2  28 .9 30 . 2  30 . 5  30 .0 
37 .0 38 .3 38 . 1  36 .3  3 7 .0  
� 0 = Check , 28B = 28 Kg ·p2o5 ha- l  Topdressed , 568 = 56 Kg P205 Topd ressed , 
280 = 28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  smal l gra i n ,  
28K = 28 Kg P205 ha- l dual pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha- l dual 
pl aced wi th N and 7 . 2 Kg P205 ha-l i n  starter band or wi th seed i n  smal l 
grai n . 
� 
� ,  
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Si l age yi el d s  at the SE l ocat i on d i d res pond to  so i l test 
l evel s .  Averagi n g  across P t reatments the medi um soi l test l evel 
p roduced 3 . 3 Mg h a- l more s i l age than the l ow test l evel  and t he h i g h  
test l evel was 4 . 3 Mg ha-l h i gher than the l ow soi l test l evel . 
Soybean l eaf P concentrat i on s  for 1982 are g i ven i n  Tabl e 
10 . Phosphorus concentrat i on s  were a l l wi th i n cr i t i ca l  val ues but as 
soi l test l evel s i nc reased P concent rat i on s  in the l eaves were 
i ncreased s l i ghtl y .  D i fferences between P t reatments  were qu i te 
apparent at a l ow soi l test l eve l , but as soi l test l evel s we re 
i ncreased d i fferences between ? - t reatments seemed to di mi n i sh .  
Soybean yi el d s  ranged from 2620 to 3160 k g  h a- l i n  1 982  
( Tabl e 1 1 ) . E ven though  yi el d d i fferences were sma l l , phosphorus  
treatments were s i gn i fi cant . At  the  l ow and  med i um test  l evel s ,  
there appeared to be no d i fference between p l acement method s .  Al l 
t reatments gave a s� mi l a r y i el d  response . At the h i gh  soi l test 
l evel , the t�o treatments recei v i ng some starter P appeared to resu l t 
i n  h i g he r  y i e l ds  than the other pl acement method s . Th i s  response i s  
unusual  for soybeans .  A search of the l i terature revea l ed that th i s 
y i el d respon se to a starter P appl i cat i on part i cul a rl y  on a h i g h  soi l 
test l evel i s  very uncommon ( Ba rber , 1958 ) . 
Tabl e 10 . I nfl uence of P management on soybean l eaf P concent rat i ons i n  South 
Southeast South Dakota,  1 982 . _ s� rr------- -------
· rest P Treatment -
Level 0 288 568 28D 28K 28-Klf--:----Average 
kg  ha-l 
L ( 19 )  
. M ( 26 ) 
H ( 33) 
------------------ % p l t . -
.249 .256 .296 . 252 
. 278 . 258 . 299 . 27 1  
. 301 . 292  . 287 . 316 
- - - - - - � - - - - � - - � � - - - - - - - - - - - � 
. 3 12  . 257  . 270 
. 307 . 268 . 280 
. 303 . 333 . 305 ; 
lt Stat i s i tcal Anal ys i s : Probabi l i ty of F test for P treatment 0 .07 ;  LSD 
- for P treatment wi thi n a soi l test l evel = 0 .046% at 0 .05 l evel and 
0 .038% at 0 . 10 l evel . 
� 0 = Check , 288 = 28 Kg P205 ha-l Topdressed , 568 = 56 Kg P205 Topdressed , 28D = 
28 Kg P205 ha-l  i n  5x5 em starter band or wi th seed i n  smal l gra i n ,  28K = 28 Kg 
P205 ha-l d�al pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha-l dual  p l aced wi th N and 
7 . 2 Kg P205 ha· l i n  starter band or wi th seed i n  sma l l grai n .  
� w 
Tabl e 1 1 . I nfl uence of P management on soybean y iel d under convent i onal  t i l l age 
i n  Southeast South Dakota, 1 982 . _ 
Soi l �� 
Test P Treatment -
Level � 28B 568 280 28K 28KD Average 
k g  ha-l 
L ( 19 )  
M ( 26 ) 
· H . ( 33) 






















lj Stat i s i tcal Anal ys i s : P robabi l i ty of F test fo� soi l test l evel = 0 .08 ; for P - treatment = 0 .08 ; LSD for P treatment wi thi n a soi l test l evel = 238 kg  ha- l  at 
0 .05 l evel and 195 kg  ha-l  at 0 . 10 l evel . 
!I 0 = Check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P205 Topdres$ed , 28D = 
28 Kg P205 ha-l  i n  5x5 em starter band or wi th seed i n  sma l l grai n ,  28K = 28 Kg 
. P205 ha-l dual pl aced wi th N ,  28 KD = 20 .2  Kg P205 ha-l  dual pl aced wi th N and 
7 . 2· Kg P205 ha- l i n  starter band or wi th seed i n  sma l l gra i n .  
� +:a 
I nteract i on of  Soi l Test Level and P hosphoru s P l acement Methods for 
Corn and Soybeans ,  1 983 
Ea r l eaf  P concent rati ons for the SE l ocat i on a re g i ven i n  
Tab l e 1 2 . Suffi c i ency l evel s for ear l eaf sampl es  taken at fi rst 
s i l ki ng range from 0 . 251 to 0 . 401 ( Jones , 1967 ) .  Phosphorus  t i ssue 
l evel s for 1983 were near the l ow end of the suffi c i ency ran ge wi th 
the check treatment of the l ow soi l test l evel be i ng s l i g ht l y  
defi c i ent . Ear  l eaf  P concentrat i ons at the S E  s i te responded to P 
treatment and were s i gni fi cant at the 0 . 10 l evel . Add i t i on of  28 k g  
of P205 seemed to  maxi mi ze ear l eaf P content . 
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Corn yi e l d s  for 1983 at the SE l ocat i on a re gi ven i n  Tab l e 
1 3 . Grai n and s i l age yi el d s  for 1 983 were l ower than t hose for 1982 
due l i kel y to the l ate pl ant i ng date , heavy ra i n s , coo l weather i n  
J une and d rought cond i t i ons  i n  Augu st and September . T he 
non- fert i l i zed chec k y i el d was bel ow al l ot her t reatment means . 
Va r i abi l i ty i n  the data was h i gher than i n  other port i ons  of the 
study wi th  a coeffi c i ent of va ri ati on of 13 . 31 .  Th i s  greater  
var i ab i l i ty cou l d be caused by the  soi l vari abi l i ty at  t he SE  
l ocat i on . The  four repl i cat i on s  that the corn was  rotated to  i n  1 983 
had more numerous a reas of the Wakonda soi l ser i es  ( d i scussed earl i er 
as hav i ng  a h i g h  pH and CaC03 content ) .  Th i s soi l i nc l �des more . of 
the tot a 1 area i n  these f.our  rep 1 i cati ons than i n  the four 
repl i cat i ons  where corn was grown i n  1982 . 
Tabl e 12 . I nfl uence of P management on corn ear l eaf P content under 
conventi onal ti l l age i n  Southeast South Da kot�, 1 983 . 
Soil
-----------------------------------------------------c/ 
· Test P Treatment -







( 19 )  
( 26 ) 
( 33) 
------------.- - - - - - - -- ------ , p !.! ------------------------
. 214 .249 . 250 .250 . 246 . 250 . 243 
. 248 . 257 . 253 . 261 . 248 . 257 . 254 
.254 . 266 . 26 1  . 246 . 258 . 251 . 256 
Stati sti cal Anal ys i s : Probabi l i ty of F test for P t reatment 0 .0 1 ; P 
treatment and i nteract i on s i gn i fi cant at 0 .06 l evel ; LSD for P 
treatment wi thi n a soi l test l evel = 0 .018% at 0 . 05 l evel and 0 .015% 
at 0 . 10 l evel . 
0 = Check , 288 = 28 Kg P205 ha- l  Topdressed , 568 = 56 Kg P205 Topdressed , 280 = 
28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  sma l l gra i n , 28K = 28 Kg 
P205 ha-
l dual pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha- l  dual pl aced wi th  N and 
7 . 2 Kg P205 ha-l i n  starter band or wi th seed i n  smal l gra i n . 
� 0'\ 
Tabl e 13 . I nfl uence of P management on corn grai n yi el d under conventi onal 
s-oll 
ti l l age i n  Southeast South Dakota, 1 983 . _ 
Test · P Treatment
-
Level 0 2BB 568 280 2BK �� ��2--s-Klf _____ Average 
kg  ha-l 
L ( 19 )  
M ( 26 } 
H � 33} 
------------------- kg ha -1 1 5 . 5% ' t 
5580 5770 6590 6080 
5830 6340 6460 6520 
7 340 6150 6650 6960 
H20 2/---------------
6340 6020 6080 
6770 6770 6460 
6900 6 1 50 67 10  
� Stati st i cal Anal ys i s : Nons i gn i fi cant at O . fO l evel ; C .V .  = 13 . 3% .  
� 0 = Check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P205 Topdressed , 280 = 
28 Kg P205 ha-l  i n  5x5 em starter band or wi th seed i n  smal l gra i n ,  28K = 28 Kg 
P205 ha-l dual pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha�l dual  pl aced wi th N and 
7 . 2 Kg P205 ha-l  i n · starter band or wi th seed in  sma l l gra i n . 
� ......... 
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I nfl uence of P management on gra i n moi sture content at 
harvest i s  reported i n  Tab l e 14 . Phosphorus p l acement had a 
s i gn i fi cant effect on gra i n moi stu re at ha rvest for 1983 . Moi stu re 
contents ranged from 26 . 7  to 34 . 0% moi sture at harvest . The addi ti on 
of 28 kg P205 ha- l  dec reased moi sture contents at a l l so i l test 
l evel s ,  wi th the g reatest dec rease at the l ow soi l test l evel and 
d i mi n i sh i n g  as soi l test l evel was i nc reased . Therefo re , 
fert i l i zat i on wi th P d i d  not s i gn i fi cantl y i nc rease yi e l d s  but d i d  
hasten mat u ri ty whi ch i s  i nd i cated by the l owe r  moi stu re content s of 
the grai n .  
S i l age y i el d s for 1983 at the SE l ocat i on a re g i ven i n  Tab l e 
1 5 . Due to d roug ht cond i t i ons i n  August and ea rl y September some 
l eaves were dropped from the l ower port i on of the sta l k ,  pos s i b l y  
depres s i ng s i l age yi el d s  s l i ghtl y due t o  the d rought st res s . There 
was a s i gn i fi cant s i l age yi el d i ncrease due to soi l test l evel ( 0 .08 
l evel ) ,  but there was no s i gn i fi cant P treatment by so i l test l evel 
i nteract i on and no s i gn i fi cant . P treatment effect . 
Gra i n  p contents for the Southeast l ocati on i n  1 983 a re gi ven 
i n  Tab l e 1 6 . The che�k treatments i n  al l soi l test l evel s were l ower 
than  the other t reatment means . Phosphorus t reatment was s i gn i fi cant 
at the 0 .0 1  l evel of  s i gn i fi cance . An add i t i on of 28 kg of  P2os · 
maxi m i zed g ra i n  p content but a d i fference bet�een p l acement method s  
was not detectab l e • . 
Tabl e 14 . I nfl uence of P management on corn grai n mo i sture under convent i onal  
t i 1 1  age i n  Southeast Soljtt! _ D_akota, 1 983 !_�-�-� 
Soi l � · rest P Treatment 




kg  ha-l 
( 19 )  
( 26 )  
( 33) 
-------------------- % H20 � ------------------
. 33 .6  
34 .0 
28 . 5  
31 .0 
28 . 7  
26 .8 
28 .8  
30 . 3  
26 . 7 
29 .6  
30 .0  
27 . 2  
28 . 3  
29 .9 
27 .9  
31 . 6  
29 . 3  
27 .8 
30 . 5  
30 .4 
27 . 5  
2/ Stati s i tcal Anal ys i s : Probabi l i ty of F test for soi l test l evel = 0 .02 ; LSD for P 
treatment wi thi n a soi l test l evel = 3 . 6% at 0 . 05 l evel and 2 . 9% at 0 . 10 l evel . 
� 0 = Check , 288 = 28 Kg P205 ha- l Topdressed , 56B = 56 Kg _ P205 Topdressed , 280 = 
28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  sma l l grai n ,  28K = 28 Kg 
P205 ha-l dual pl aced _ wi th  N ,  28  KD  = 20 .2  Kg P205 ha- l dual pl aced wi th  N and 
7 . 2 Kg P205 ha-
l i n  starter band or wi th seed i n  smal l grai n .  
� \0 
Tabl e 15 . Infl uence of P management on corn s i l age y i el d  under convent i onal  
ti l l age i n  Southeast South Dakota, 1 983 . _ �olll �r--------------------
· rest P Treatment
-






kg  ha-l 
( 19 )  
( 26 ) 
{ 33) 
- - - - - - - - - - - � - - - - - - - - Mg ha-l , 60% H20 ----------------------
22 .9  
24 .6 
29 . 1  
24 .0 
25 . 5  
25 . 1  
26 . 2  
25 .8 
25 .8 
24 .9  
26 .9 
26 .7  
24 .4  
26 .9 
27 . 3  
24 .0  
26 .4  
24 . 2  
24 . 4  
26 . 0  
2 6  4 
Stati st i cal  Anal ysi s :  P robabi l i ty of F test for soi l test l evel = 0 .08 ; P 
treatment and i nteract i on nons i gn i fi cant at 0 . 10 l evel . 
0 = C heck , 28B = 28 Kg P205 ha- l  Topdressed , 56B = 56 Kg P205 Topdressed , 280 = 
28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  · smal l gra i n , 28K = 28 Kg 
P205 ha-l  dual  pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha- l dual pl aced wi t h  N and 




Tabl e 16 . I nfl uence of P management on corn grai n P content under convent i onal  
t i  1 1  age i n  Southeast _ South __ D��q_ta l_ 1 983 . 
soi 1 --rr------------------
T.est P Treatment -






k g  ha-l  
{ 19 ) 
{ 26 ) 
{ 33) 
--------------------------- % p 2! -----------------------
















. 31 3  
. 359 
. 3 1 1 
. 319  
. 343 
Stati sti cal Anal ys i s : Probabi l i ty of F test for P treatment = 0 .01 ; LSD for P 
treatment wi thi n a soi l test l evel = 0 .056 % at 0 .05 l evel and 0 .046% at 0 . 10 
1 evel . 
0 = Check , 288 = 28 Kg P205 ha
- l  Topdressed , 568 = 56 Kg P205 Topdressed , 280 = 
28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  smal l gra i n ,  28K = 28 Kg 
P205 ha-l  dual �l aced wi th N, 28 KD = 20 .2  Kg P205 ha- l  dual pl aced wi th  N and 
7 . 2 Kg P205 ha- i n  starter band or wi th seed i n  smal l grai n .  
O"l 
...... 
Gra i n y i e l d response  to P pl acement for 1 982 and 1 983 i s  
reported i n  Tabl e 1 7 . · The data i nd i cates a l arge d i fference i n  
y ie l d s  between 1 982 and 1983 . Averag i ng ac ros s  years at a l ow soi l 
test l evel the 568 and 28KD p l acements were s i gn i fi cantl y d i fferent 
from t he 288 pl acement and check . The add i t i on of 28 kg P205 ha- l  
broadcast had no  effect o n  i ncreas i ng g ra i n  y i e l ds .  The 280 and 28K 
pl acements d i d  t rend h i g her  i n  y i e l d s  than the chec k and 288 
p l acement but d i fferences were not l arge enou gh  to be s i gn i fi cantl y 
d i fferent at the 0 . 10  l evel of s i gn i fi cance . 
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Phospho ru s u ptake by corn for 1983 at the Southeast l ocat i on 
i s  g i ven i n  Tabl e 18 . Tota l  P uptake , whi ch i s  ca l cu l ated from gra i n 
and stover yi e l d s  and P contents ,  was affected by P t reatments and 
soi l test l evel s .  Di fferences occurred at the l ow and med i um soi l 
test l evel s .  At a l ow soi l test l evel the add i t i on of P fert i l i zer· 
ra i sed p uptake l evel s ,  but not to the l evel of  the med i um and h i g h  
test l eve l s  • . At the medi um soi l test l evel the add i t i on o f  P 
fert i l i zer  ra i sed u ptake l evel s equal  to those of the h i gh  test 
l evel . 
Soybean l eaf P content for 1983  at the Southeast l ocat i on i s  
gi ven i n  Tab l e 1 9 . Leaf P content was s i gn i fi cantl y affected by soi l 
test l evel s and the add i t i on of P fert i l i zer . The addi t i on of 28 k g  
P20s i nc reased l eaf P content but no d i ffere�ces were found among  the 
vari ou s pl acement met hods . 
Tabl e 1 7 . Corn gra i n y i el d  response to P p l acement 
wi th  convent i onal  t i l l age at a l ow so i l test 











}j Bray p = 15 
� Stat i st i ca l  
k g  ha  -1 at 
l evel . 
Year 
1 982 
--- kg ha- l  
7460 
7460 








- - - - - - - - - - - - - - - - - - - - - -
5210 6340 
5330 6400 
6520 7 1 20 
5960 6680 
6400 6970 
6330 7 1 50 
Ana l ys i s :  LSD for 2 year  average = 847 
and 665 k g  ha -1 0 . 05 1 evel at 0 . 1 0 
3/ 0 = Check , 288 = 28 Kg P205 ha- l  Topdressed 568 = 
56 Kg P205 Topdressed , 280 = 28 Kg P205 ha
-t i n  5x5  
em starter band  or  wi th seed in  sma l l gra i n ,  28K = 
28 Kg P205 ha-l  d ual  p l aced wi th N ,  28 KD = 20 . 2  Kg 
P205 ha- l  dual  pl aced wi th  N and 7 . 2 K g  P205 ha- l  i n  
sta rter band or wi th seed i n  sma l l gra i n . 
53 
Tabl e 18 . Infl uence of P management on total P uptake for corn under convent i onal  
ti l l age i n  Southeast South Dakota, _1 983 . _ _ 
Soil-------------------------------------------------------c/ 
lest P Treatment -






kg  ha-l --------------------------- P kg ha - 1---------------------' t 
( 19 )  15 .2  19 . 6  21 .8  18 . 7  19 . 5 1 7 . 2  . 18 . 7  
( 26 )  17 . 2  20 .8 20 . 6  21 . 2  22 . 2  22 .0 20 . 7 
( 33) 21 . 1  22 . 3  22 .7 19  . • 4 23 . 7  20 . •  4 21 .6  
Stati sti cal Anal ys i s : Probabi l i ty of F test for P treatment = 0 .035 ; LSD for 
P treatment wi thi n a soi l test l ev�l = 4 .60 k g  ha- l at 0 .05 l evel and 3 . 80 kg  
ha-l at 0 . 10 l evel . 
0 = Check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P205 Topdressed , 28D = 
28 Kg P205 ha- l  i n  5�5 em starter . band or wi th seed i n  sma l l grai n ,  28K = 28 Kg 
P205 ha-l dual pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha-l dual pl aced wi th N and 
7 . 2 Kg P205 ha-l in starter band or wi th seed in sma l l gra i n .  
<.11 .p. 
Tab l e 19 . I nfl uence of P management on soybean l eaf P content under 




_ level 0 288 568 280 28K �KO _____ Average 
k g  ha-l  - - - - - - - - - - - - - � - - - - - - - - - - - % p 1 / --------�--------------------
L ( 18 )  . 230 .233 . 240 .232 . 245 .238 . 236 
M ( 22 )  . 241 . 259 . 252 . 250 . 255 . 245 . 250 
H (32) . 251 .252 . 258 . 249 . 260 . 241 . 252  
1/ Stati sti cal Anal ys i s : P robabi l i ty of  F test for soi l test l evel = 0 . 04 ; for P - treatment = 0 .01 ; LSD for P treatment wi thi n a soi l test l evel = 0 .014% at 0 . 05 
l evel and 0 .01 1% at 0 . 10 l evel . 
� 0 = Chec k , 288 = 28 Kg P205 ha-l Topdressed , 568 = 56 Kg P2D5 Topdressed , 280 = 28 
Kg P205 ha-
l i n  5x5 em starter band or wi th seed i n  sma l l gra i n ,  28K = 28 Kg P205 
ha-l dual pl aced wi th N ,  28 KD = 20 .2  Kg P205 ha-
l dual pl aced wi th  N and 7 . 2 Kg  
P205 ha-




Soybean seed y i el ds  we re a l so l ower  for 1983 due to the 
d rought cond i t i on s  and poss i bl y  d ue to i nsect damage ( Tab l e  20 ) .  The 
P treatment by soi l test i nteracti on was s i gn i fi cant at the 0 . 01 
l evel . The unfert i l i zed checks  i n  a l l th ree soi l test l evel s were 
the same at 1950 kg ha- l . When  P fert i l i zer was added , y i el d s  were 
i nc reased a sma l l amount wi th the k n i fed p l acement at t he h i g h  soi l 
test l evel g i v i n g  the h i ghest yi el d .  The re i s  no expl anat i on at th i s 
t i me for t he i nc rease at the h i gh soi l test l evel for that t reatment 
and no d i fference between the check pl ot s and the 28 kg P205 k n i fed 
p l acement for the l ow and med i um soi l test l evel s .  Other · t reatments. 
yi el ded l es s  and were i ncons i stent for 1983 . 
I nteracti on of  T i l l age , So i l Test Leve l and Phosphorus P l acement 
Methods for Oat s 1  1983 
Due
.
to wet cond i t i ons i n  the fal l of 1982 , a l l t i l l age 
operat i ons were performed i n  the spri ng j ust pr i or  to p l ant i n g . 
Earl y cond i t t on s  at the East Cent ral ( EC )  l ocat i on were favorab l e  for 
grai n p roduct i on . Bel ow norma l ra i nfal l i n  June and Ju l y and 
ext remel y hot weather in Jul y dur i ng gra i n fi l l  may have reduced 
y i e l ds .  Stem and l eaf rusts were a l so qu i te evi dent at the EC 
l ocat i on and a l so may have depressed yi el ds .  
The stat i st i ca l  anal ys i s for the EC l ocat i on for 1983 i s  
g i ven i n  Tab l e 2 1 . Y i e l d response to al l factors or t hei r 
i nteract i on s  occurred . The ana lys i s of vari ance for the gra i n ,  
Tab l e 20 . I nfl uence of P management on soybean gra i n yi e l d under convent i ona l  
t i l l age i n  Southeast South Dakota,  1 983 . _ 
Soi l 
rr-------------------
Test P Treatment -






kg  ha-l  - - - - - - - - - - - - � - - - - - - - - - - - - - - kg  ha -1 �/------------------
{ 18 ) 1950 2080 2020 2150 1950 1880 2020 
( 22 )  1950 2150 2020 2020 1950 2 150 20.20 
( 32) 1950 1950 2080 2020 2290 2080 2080 
Stat i sti cal Anal ys i s : P robab i l i ty of F test for P treatment and i nteract i on = 
and 0 . 01 ;  LSD for P treatment wi th i n a soi l test l evel 269 kg  ha- l  at 0 . 05 l evel 
202 kg  ha-l at 0 . 10 l evel . 
0 = Check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P205 Topdressed , 28D = 
28 Kg P205 ha-l  i n  5x5 em starter band or wi th seed i n  sma l l gra i n ,  28K = 28 Kg 
P205 ha-l dual pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha-l dual  pl aced wi th  N and 
7 . 2 Kg P205 ha- l i n  starter band or wi th seed i n  smal l gra i n . 
U'1 
'-J 
Tabl e 21 . Anal ys i s of vari ance for P management at the East Central l ocat i on ,  
1 983 . - ------P-ro-b-ab-il_i_tl __ o_r_t_T_est ____ -
Factor Grain Oatl age Grain · Oatlage Total l>  __ _ 
Y i el d  % P % P Y i el d  Uptake 
P l acement ( P )  0 . 001 0 . 014 0 . 001 0 . 050 . 0069 
Soi l Test Level ( ST )  0 . 001 0 . 221 0 . 006 0 . 004 . 0016 
Ti l l age System ( TS )  NS * 0 . 062 NS NS NS 
P x ST - 0 . 181 NS NS 0 . 148 .0809 
I 
P x TS NS NS NS NS NS 
ST x TS 0 . 039 NS NS 0 . 070 NS 




-level ________________________________ _ 
(J"I Q:) 
oat l a ge , g ra i n % P and oat l age % P responses d i ffer  and  wi l l  be · 
d i scussed l ater . 
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Oat l age y i e l ds for 1983 d i d not appear to be reduced due to 
the d ry weather ( Tabl e 22 ) . Phosphorus pl acement , t i l l age system and 
the p l acement by soi l test l evel by t i l l age system i nteract i on were 
s i g n i fi cant at
.
the 0 . 014 , 0 . 062  and 0 . 086 probab i l i ty l evel s ,  
respect i vel y .  I n  the mol dboa rd pl ow t i l l age system wi t h  a l ow soi l 
test l evel a l l P p l acement method s were d i fferent from the chec k . 
For the med i um test l evel  mo l dboard pl ow treatments ,  t he  28 kg  P205 
dr i l l  and k n i fe t reatments were the onl y t reatments that d i ffered 
from t he check and for the h i gh soi l test l evel there were no 
d i fferences between t reatments .  
Phosphorus p l acement methods d i d  not s how as many d i fferences 
when ch i sel  p l owi n g  was u sed . as the t i l l age system . The 28 kg P20s  
kn i fe and  kn i fe p l u s  dr i l l  t reatments were s i gn i f i cant l y  d i fferent 
from thei r respect i ve checks  i n  the l ow and med i um soi l test l evel s ,  
as we l l as  the 28 and 56 k g  P205 broadcast treatments  i n  the med i um 
soi l test l evel s .  
Respon ses wi t h i n the no-t i l l  t reatments we re l i m i ted to the 
h i gh so i l test l evel wi th the 28 kg  P20s kn i fe and k n i fe pl u s  d ri l l  
treatments be i ng s i gn i fi cant l y  d i fferent from the chec k . Th i s  
s i g n i fi cant � i fference at th� h i gh  soi l test l evel i s  d i ffi cu l t  to 
Tabl e 22 . I nfl uence of P management and ti l l age on oat l age yi el d  at the East Cent ral 
l ocat i on,  1983 . Ac 
Soil Y( _________________ _ 
Ti· l l  age Test P Treatment
-
System "* Leve 1 0 288 568 280 2BK 21fi(D ____ Avg. 
kg ha-l - - - - - - - - - - - - Mg ha-l , 60%2/ - - - - - - - - - _ 
Mol dboard L { 1 3 )  1 1 . 9  14 . 31/ 13 . 7  14 .8  14 . 1  14 . 1  14 . 1  
P l ow M { 24 )  1 3 . 4 14 .8- 14 . 3  1 5 . 5  1 5 . 2  1 3 .9 14 . 6  
H { 36 ) 15 . 5  15 . 0  15 . 0  15 . 2  15 .0  15 . 7  1 5 . 2  
- · - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
Chi sel 
P l ow 
No -
Ti l l  
L { 15 ) 
M { 24 )  
H {36 ) 
13 .4 
13 . 7  
1 5 . 2  
15 . 2  . 
15 .0  
1 5 . 5  
13 .9 
16 .4 
14 . 6  
15 . 2  
14 .6  
16 .4 
as an - out 1 1 er . 
15 .0  
15 . 7  
15 . 5  
17 . 5 
15 . 5  
16 .6 
14 . 3 1 
1 5 . 2  
16 .0  
16 . 1  
14 . 9  
15 .0 
1 7 . 0  
15 . 9  
16 .0  
15 . 2  . 
16 . 1  
1 7 . 3  
15 . 2  
1 5 . 5  
15 . 5 . 
15 . 5  
1 5 . 7 . 
18 .4 
14 . 8  
1 5 . 5  
15 . 5  
15 .9  
1 5 . 2  
16 .6  
- � LSD between pl acements wi thi n ti l l fge and soi l test l evel = 1 . 79 Mg  ha- l  
at the 0 . 05 l evel , and 1 . 7 1  Mg ha- at 0 . 10 l evel . 
3/ 0 = Check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P205 Topdres sed , 280 -
= 28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  smal l grai n ,  28K = 28 Kg 
P205 ha
-l  dual pl aced wi th N, 28 KD = 20 . 2  Kg P205 ha-l  dua l pl aced wi th N and 7 . 2 
Kg P205 ha-l i n  starter band or wi th seed i n  smal l grai n . 
"' 
0 
expl a i n s i nce no· d i fferences were noted at the h i g h  soi l test l evel 
i n  other t i l l a ge systems . 
61  
Ac ros s  a l l t i l l age systems the 28 k g  P20 s  k n i fed pl acement 
method was most often s i gn i fi cantl y d i fferent from the check 
treatment . Th i s  pl acement method ( dua l pl acement ) whi ch con s i sts of 
phosphoru s  and the n i t rogen fert i l i zers bei ng  p l aced i n  the same 
retent i on zone has been found to g i ve h i ghe r  gra i n y i e l d s  and enhance 
P uptake for wheat ( Lei kam et al . , 1983 ) . Resul t s  here tend to agree 
wi th  thei r data as compa red to the check , but separat i n g  mean s  wi th  
an LSD at  the  0 . 05 l evel reveal s that y ie l d s  due to t he k n i fe 
treatment a re not con s i stant l y  d i fferent from yi e l d s  _o f  ot her  
p l acement methods i n  Tab l e  22 . 
Compar i n g  ac ross t i l l age systems , the res u l ts i nd i cate that a 
l ower soi l test l evel resu l ted i n  h i gher oat l age y i el ds  wi t h  no-ti l i 
as compa red to the 
·
mo l dboard pl ow and ch i sel p l ow t reatments ( F i g .  
3 ) . Th i s  d i fference cou l d poss i bl y  be att ri buted to t he d i fferences 
i n  soi l moi stu re due to the t i l l age systems . The mo l dboard pl ow and 
ch i sel p l ow t reatments were compl eted approxi matel y one week  pri" or to 
pl anti n g . Due to th i s spr i n g  t i l l age some top soi l moi stu re was l ost 
i n  these two systems as compared to the no-ti l l  t reatment . 
I f  th i s t i l l age decreased avai l abl e moi stu re at 
p l ant i ng the so i l water surroundi ng the roots · may have been 
1 6  
1 5  
1 4  
Oat l a ge ,  
Mg ha - l 1 3  











./· / ... / /-- .M Mol dbo a rd P l ow 
/ 
• • - C C h i s e l  Pl ow 
/ 
/ ' 
- N No-T i l l  
: ��  .. �1 --��--��--��-
10 1 5  20 25 30 35 40 
B ray P ,  le g  ha - l 
F i g 3 .  Oat l age res pon se to soi l t e s t  P a s  
i n fl uenced by t i l l a ge , E a st Cent r a l  
l ocati on , 1 983 . 
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depl eted earl i e� i n  the season i n  the mo l dboard pl ow and ch i se l  - pl ow 
t reatments .  Th i s cou l d a l so expl ai n why the resu l ts from 28 kg P20s 
kn i fe t reatment was more often s i gn i fi cant l y  d i ffe rent from the  check 
than other t reatments . Th i s  t reatment p l aced the P 1 2- 15  em deep , 
wh i ch may have made .the P pos i t i ona l l y  more avai l ab l e ( i n  moi st soi l 
for a l onger  t i me peri od ) . 
Phosphorus concent rat i ons from the oat l age s ampl es  
a re reported i n  Tab l e 23 . Phosphorus concentrat i on s  were 
s i gn i fi cant l y  affected by P pl acement ( 0 . 05 l evel ) ,  so i l test l evel 
-
( 0 . 004 l evel ) , and t he soi l test by ti l l age i nteract i on ( 0 . 07 l evel -. )  
Aga i n as i n  much of the other data , add i t i on of 28 k g  P205 was 
adequate to maxi mi ze t i s sue P concentrat i on s  as compared to t he c heck 
treatments .  Lei k am et a l . ,  ( 1 983 ) reported con s i stant i nc reases i n  
both grai n yi e l d and ti s sue P content wi th  s imu l taneous dua l  kn i fed 
appl i cat i on . Th i s  appl i cat i on method i s  s i mi l a r to the 28K t reatment 
i n  th i s  study . The 28K t reatment i n  th i s study d i d  not con s i stentl y 
gi ve h i g her  P concentrat i ons  as Li ekam et al . ,  reported . 
Grai n y i e l d s  for 1983 may have been depressed somewhat by dry 
cond i t i on s  and l eaf  and stem rust , but were genera l l y  qu i te 
acceptab l e  ( Tabl e 24 ) .  Phosphorus p l acement and so i l test l evel were 
s i gni fi cant at the 0 . 001  l evel of probabi l i ty ,  �nd t he · so i l test 
l evel by t i l l age system i nteract i on was s i gn i fi cant at t he 0 . 039 
Tabl e 23 . I nfl uence of P management and t i l l age on oatl age P concentrat i ons at 
the East Central l ocati on , 1 983 . _ -
Soil 
------------�----------c/ 
Ti l l age Test P Treatment -
System Level 0 288 568 280 28K · ---28lfD ____ Avg . 
kg ha-l - - - - - - - - - - - - - % P� - - - - - - - - - - - -
Mol dboard L ( 13 )  
P l ow M ( 24 )  
H ( 36 ) 
Chi sel 
P l ow 
No -
Ti l l  
L ( 15 )  
M ( 24 )  
H ( 36 )  
L ( 16 )  





























. 2 14 
. 212 
.215  
. 201 " . 203 
. 205 . 204 
. 2 1 1  . 204 
. 1 78 . 186 
. 208 I . 2 10 
. 176 
. 206 
. 206 .212  . 206 
. 209 
. 207 








. 2 14 
. 21 2  
.206 . • 190 
. 209 . 206 
. 209 . 208 
lf Stati st i cal Anal ys i s : Probabi l i ty of F test for P l acement = 0 .05 ; For Soi l Test - Level = 0 .004 ; For Pl acement by Soi l Test I nteract i on = 0 . 148 ;  For Soi l Test by 
Ti l l age I nteract i on = 0 . 07 ; LSD for P treatment wi thi n a soi l test l evel and t i l l age 
system = 0 . 023% for 0 .05 l evel and 0 .019% at 0 . 10 l evel . 
�/ 0 = Chec k ,  288 = 28 Kg P205 ha-l Topdressed , 568 = 56 Kg P205 Topdressed 
280 = 28 Kg P205 ha-l  i n  5x5 em starter band or wi th seed i n  smal l grai n 
28K = 28 Kg P205 ha-l dual pl aced wi th  N ,  28 KD = 20 . 2  Kg P205 ha-l dual 
pl aced wi th N and 7 . 2 Kg P205 ha- l  i n  starter band or wi th  seed i n  smal l 
gra in . 
(J) � 
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l evel . Wi th i n the mol dboa rd pl ow t i l l age system there a re few 
d i fferences between p l acement means  wi th  an LSD computed at the 0 . 05 
l evel . At the l ow soi l test l evel the 568 P t reatment was 
s i gn i fi cantl y d i fferent from the check  at t he 0 .05 l evel . At the 
med i um test l evel , d i fferences a re not l a rge enough  to  be s i gn i fi cant 
at the 0 . 10 l evel . At the h i gh soi l test l evel onl y the 28K 
t reatment was d i fferent from the check at the 0 . 05 and 0 . 10 l evel s .  
The p l ots that were ch i sel pl owed had more d i fferences a ppear 
between P t reatment means than t reatment means wi t h i n the  other 
t i l l age systems . Al l t reatments were s i gni fi cantl y d i fferent from . 
the chec k  at the 0 .05 l evel wi th i n  the l ow soi l test l evel . At the 
medi um and h i gh soi l test l evel s di fferences between t reatment means 
d i mi n i shed . 
At a l ow soi l test l evel i n  no-t i l l  t he 568 , 280 and 28KO 
treatments were s i gn i fi cant ly  d i fferent from the check at the 0 . 05 
l evel . At th i s l evel of s i gn i fi cance the· 288 and 28K t reatments were 
not d i fferent from the check , but were not d i fferent from the other P 
p l acement methods e i ther . Aga i n  at a medi um and h i gh soi l test l evel 
no d i fferences between treatment means  occurred at the 0 . 05 l e vel . 
S i nce the pl acement by t i l l age and p l acement by t i l l age by 
soi l test l evel i nteract i ons  were nons i gn i fi cant gra i n y i e l d s  can be · 
averaged ac ross ti l l age systems and are reported i n  Tab l e  2 5 . At a . 
l ow so i l  test · l evel a l l treatment means were d i fferent from the check 
at the 0 . 10 l evel . The 56 kg P205 broadcast and 28 kg ·P205 d ri l l  
Tabl e 24 . I nfl uence of P management and t i l l age on oat gra i n y i el d i n  East Cent ral 
South Dakota,  1983 . _ 
Soi 1 -cr------------------
T i  l lage Test P Treatment -
sxstem Level 0 288 568 280 28K 2lfKO Avg . 
kg ha-l - - - - - - - :- - - - - kg ha-l !.;- - - - - - - . - - - - -
Mol dboard L ( 13 )  
P l ow M ( 24 )  
H ( 36 )  
Ch i  se 1 
P l ow 
L ( 1 5 )  
M ( 24 ) 








































No - L ( 16 }  2620 2940 3050 3260 2900 3010 2980 
Ti l l  M ( 28 )  2940 2940 3150 3150 3080 3150 3080 
H ( 35 }  3230 . 3150 3230 3190 3190 3480 3260 
Stat fst-ffaTAn-al-ysfs_: ___ pro_b_a_b_fTfty -ofT-feft--fo_r_P--tre-a-fmen-f -=- u.-o-o-r;--LS-0-for P 
treatment wi th i n a soi l test l evel and t i l l age system = 372 k g  ha- l at 0 . 05 l evel and 
312 kg ha-l at 0 . 10 l evel . 
� 0 = Check , 288 = 28 Kg P205 ha- l Topdressed , 568 = 56 Kg P205 Topdressed , 280 = 28 Kg 
P205 ha-l i n  5x5 em sta rter band or wi th seed i n  smal l grai n ,  28K = 28 Kg P205 ha-l 
dual pl aced wi th N, 28 KD = 20 . 2  Kg P205 ha- l dual pl aced wi t h  N and 7 . 2 Kg P205 ha- l 
i n  starter band or wi th seed 1 n  smal l grai n .  
� "' 
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appl i ed t reatments were s i gn i fi cant l y  d i fferent from t he 28 kg P205 
kn i fe t reatment . At the medi um soi l test l evel onl y t he 28 k g  P205 
dr i l l t reatment was s i gn i fi cant l y d i fferent from the 28  kg  P205 kn i fe 
t reatment at t he 0 . 05 l evel . And a l so  at t he h i gh so i l test l evel 
the 28 kg P205 dri l l  t reatment was s i gn i fi cant l y  hi gher  than the 28 
kg P205 k n i fe t reatment at the 0 . 05 l evel . At both medi um and h i gh 
test l evel s the 28K t reatment appeared l ower yi el d i n g  than  the c hec k , 
but not s i gn i fi cantl y l ower . 
Oat l age response di ffered from the g ra i n res ponse  i n  that the 
28 k g  P205 _ k n i fe t reatment was- most frequentl y d i fferent from the . 
check wh i l e  y i el d s  from the dr i l l  treatment pl ots we re most  
frequentl y d i fferent i n  gra i n y ie l d when averaged across t i l l age 
systems . The k n i fed treatment was not di ffe rent from the c heck at 
any soi l test l evel and was l ower y ie l d i ng  than t he 28 k g  P205 d ri l l 
· treatment at a l l soi l test l evel s .  Why there was a d i fference 
between the oat l age and gra i n  data for the 28 kg P205 k n i fe t reatment 
i s  unexpl a i n ab l e at th i s time . Accord i ng to Lei k am et al . ( 1983 ) , 
con s i stent resu l t s were reported wi th t he k n i fe t reatment bei ng 
superi or . The kn i fe t reatment was not cons f stent l y d i fferent 
throughout the vari abl es measured i n  th i s study . 
G ra i n y i el d response to soi l test P i s  s hown i n  F i g u re 4 .  
To maxi mi ze grai n y i el d _ a h i g her  l eve l of soi l test P was requ i red 
under no-ti l l  compared to mol dboard p l ow or ch i se l _ p l ow ( F i g  4 ) .  
Tabl e 25 . I nfl uence of P management on oat grai n y i el d at the East 
Central l ocati on . 1 983 . _ 
Soi 1 P Treatment -s-r----------
Test 
Level 0 288 568 280 28K 28KO Avg . 
kg  ha-l  · - - - - - - - - - - - - - kg ha-l  :J � 
L ( 1 5 )  
M ( 25 )  





















3 1 20 
3150 
21 Stati st i cal  Anal ys i s :  LSD for P treatment wi th i n a soi l test - l evel = 2 15 kg ha-l at 0 .05 l evel and 181 k g  ha-l  at 0 . 10 l evel . 
�· 0 = Chec k ,  288 = 28 Kg P205 ha-l Topdressed , 568 = 56 Kg P205 Topdressed , 
280 = 28 Kg P205 ha-l  i n  5x5 em starter band or wi th seed i n  sma l l grai n , 
28K = 28 Kg P205 ha-l dual pl aced wi th N ,  28 KO = 20 . 2  Kg P205 ha-l dual 
pl aced wi th N and 7 . 2 Kg P205 ha- l  in starter band or wi th seed i n  sma l l 
grain . 
m (X) 
Appl i cat i on of  dr i l l  P205 , however , el i mi n ated the h i gher soi l test 
l evel requ i rement for ·t he no t i l l  systems . Contrast i n gl y ,  a l ower 
soi l test l evel  was requ i red under no-ti l l  to max imi ze oat l age yi el d 
( F i g .  3 ) . 
69 
The effect of P management on grai n P content for 1 983 i s  
reported i n  Tab l e  26 . Phosphorus p l acement and so i l test l evel s were 
si gn i fi cant at the 0 .000 1 and 0 .06 l evel s of p robabi l i ty ,  
respect i vel y .  For a l l th ree t i l l age systems at a l ow soi l test l evel 
the 56B , 280 , 28K and 28KD treatments seemed to max im i ze g ra i n P 
-
content . The 28B t reatment was not as effecti ve at i nc reas i n g  g ra i n 
P content . Even at a medi um and h i gh soi l test l evel gra i n P content 
was i nc reased d ue to the addi t i on of fert i l i zer P .  Al so ,  at the 
med i um and h i gh test l evel s the 28B t reatment was equ i va l ent to the 
other P t reatments . 
Tota l  P uptake for 1 983 at the East Cent ra l l ocat i on i s  
reported i n  .Tab l e  27 . Total P uptake was cal cu l ated from P 
concent rat i on s  i n  the oatl age . sampl es and dry matter y i e l d s of 
oatl age . Soi l test l evel , P t reatment and the soi l test by P 
treatment i nteract i on were s i gn i fi cant at the 0 . 0 1 6 , 0 .007 and 0 .081 
l evel s of p robabi l i ty ,  respect i vel y .  D i fferences were most 
not i ceab l e at the l ow and medi um  soi l test l ev�l s wi th  d i fferences 
between t reatments decrea s i ng  at the hi gh sof l test l evel . 
3 500 
p 
---------·-····,::······�.n · - · -
- · p 
Gra i n 3000 
yi e l d ,  
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- N No-Ti l l  
•• •  P No-T i l l  + Dri 1 1  P 
B ray P ,  k g  ha- l 
F i g .  4 .  Oat grai n yi el d res po n s e  to soi l t e s t  
l evel a s  i n fl uen ced b y  t i l l age , E a st 
Cent ra l l ocat i on ,  1983 . 
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Tabl e 26 . I nfl uence of P management and t i l l age on oat grai n P content at the 
East Central l ocati on , 1 983 . _ 
soil �r------------
Ti 1 1  age Test P Treatment -
System L .. eve] .. 0 288 568 28FOU ... 
F 
2BK 2BK£f--:�va. 
kg na·J. - - - - - - - - - - -::-�-- -Tl' �rr----�-��------�-�-.::-_--_--.:; 
Mol dboard L ( 13 }  
Pl ow M { 24 )  
H { 36 ) 
Chi se 1 
Pl ow 
No -
Ti l l  
L { 15 )  
M { 24 )  




. • 353 
.402 
























. 412  




. 39 1  
. 398 
.404 
. 39 1  







. 3 7 1  
. 390 
.404 
'!.! 0 = · Check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P20s Topdressed , 
280 = 28 Kg P205 ha- l i n  5x5 em starter band or wi th seed i n  smal l gra i n ,  
28K = 28 Kg P205 ha-
l dual pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha-
l dual 
pl aced wi th N and 7 . 2 Kg P205 ha- l i n  starter band or wi th seed i n  smal l 




Total  P · uptake was not affected by t i l l age system s . 
Therefore . Tab l e 28 conta i n s  total P u ptake averaged across t i l l age 
system s . At a l ow soi l test l evel a l l t reatment s  were d i fferent from 
the check at t he 0 . 05 l evel . Al so . at the l ow so i l test l evel , the 
568 t reatment had . a h i gher l evel of  P uptake than  the 288 , 280 and 
28KO t reatments . Th i s wou l d be expected due to twi ce t he amount of 
fert i l i zer  P bei n g  appl i ed as compared to the ot her P t reatments . 
The med i um soi l test l evel a l so had d i fferences between 
t reatment means .  The 568 , 280 and 28K t reatments  we re d i fferent from 
the c heck • . At the h i g h  soi l test l evel t reatment mean s  were not 
s i gn i fi cantl y d i fferent at the 0 . 05 l evel . At a h i gh soi l test l evel 
P l evel s of t he soi l were adequate to max i mi ze total P u ptake by the 
oat gra i n c rop . 
Tabl e 27 . I nf l uence of P management and t i l l age on oat total  P uptake at the East 
Central l ocat i on ,  1983 . � -
Soi 1 rr------------- -
Ti 1 1  age Test P Treatment -
sxstem Level ·-=o 2BB 56B 280 28K 2BKD Avg. 
kg ha-l - - - - � - - - - - - - - P ,  kg ha-l  !J - - - - - - -
Moldboard L { 13 }  
P low M { 24 )  
H { 36 )  
9 . 6 
. 10 .8 
12 . 9  
12 . 8  
1 1 . 3  
12 .9  
12 .4  
12 .6  
13 .0 
12 .8  
1 3 .0 1 
13 .0  
1 1 . 2 
12 .4  
1 2 .6 
1 1 .4  
1 1 . 5 
12 .9 
1 1 . 7 
1 1 . 9  
12 .9  
- - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Chi se 1 
P low 
L { 1 5 )  
M { 24 ) 
H { 36 )  
9 .4 10 .4  
10 .9  13 .6 
14 .0 . 1 2 . 9 
13 . 1  
13 .4  
13 . 3  
No - L { 16 ) 1 1 . 0  12 . 2  13 .4  
Ti l l  M ( 28 )  12 . 5 . 1 2 . 2 12 . 7  
H ( 35 )  12 . 7  1 3 .4  14 .6 
10 . 3  
1 2 . 7  
13 .6  
1 2 . 7  
1 3 . 3  
1 3 . 1  
10 . 8  
12 .8  
12 .8 
1 1 . 1  
1 2 .8 




-�nal-yffs_: ___ P_rooab-fTffy -ofr -t-e-st--for_s_o_n--t-est-Tev-eT=--o-.-or6fTor P 
treatment = 0 .007 For P treatment by So i l  Test Level i nteract i on 0 . 081 ; LSD for 
· P treatment wi th i n  a soi l test l evel and ti l l age system = 2 . 02 kg ha-l  at 0 .05 
l evel and 1 .65 kg ha-l  at 0 . 10 l evel . 
2f 0 = Check , 28B = 28 Kg P205 ha- l  Topdressed , 56B = 56 Kg P205 Topdressed , 
280 = 28 Kg P205 ha-l i n  5x5 em starter band or .wi th seed i n  smal l grai n ,  
28K = 28 Kg P205 ha-l  dua l pl aced wi th N ,  28 KD = 20 . 2  Kg P205 ha- l  dual 
� l ac�d wi th N and 7 . 2 Kg P205 ha�1 i n  starter band or wi th seed i n  smal l 
grai rt . · ........ w 
Tabl e 28 . I nfl uence of P management on oat total  P uptake at the East Central  
l ocati on, 1 983 . _ 
Soil -c,_-
Test P Treatment -





( 1 5 )  
( 25 )  
{ 36) 
-------------------- P kg ha-l  1 /-----------------------­, -
10 . 0  
1 1 .4 
1 3 .2 
1 1 .8  
12 .4 
1 3 . 1 
13 .0  
1 2 .9 
1 3 .6 
1 1 .4 
1 2 . 7  
1 3 . 1  
1 1 1 . 2  
1 3 . 2  
1 3 . 5 
1 1 . 6 
1 2 . 5  
1 3 .6 
1 1 . 6  
1 2 . 5  
1 3 .4 
lf Stati s i tcal Anal ys i s : LSD for P treatment wi thi n a soi l test l evel = 1 .45 k g  ha-l  at - 0 .05 l evel and 0 . 96 kg  ha·l at 0 . 10 l evel . 
2f 0 = Chec k ,  288 = 28 Kg P205 ha- l  Topdressed , 568 = 56 Kg P205 Topdres sed , 280 = 
28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  smal l gra i n , 28K = 28 Kg 
P205 �a-1 dual pl aced wi th N ,  28 KD = 20 . 2  Kg P20s ' ha- l  dual pl aced wi th  N and 
7 . 2 Kg P205 ha-l i n  starter band or wi th seed i n  smal l gra i n .  
......... 
+::. 
7 5  
Summary 
I NTERACT I ON OF SOI L  TEST LEVE LS AND PHOSPHORUS PLACEMENT FOR CORN AND 
SOYBEANS . 
E ffects of phosphorus l evel s determi ned by soi l test and 
phosphorus pl acement u pon gra i n y i el d ,  s i l a ge yi el d ,  l eaf  P content , 
s i l age P content , and g ra i n P content were exami ned t h rou gh two fi e l d 
tri a l s  i n  1 982 and 1 983 . I n  1 982 soi l phosphorus  l eve l s had the  
greatest effect on  g rai n and  s i l age yi e l d s  at  both  l ocati on s .  
Phosphorus _ p l acement d i d  not erfect yi e l d s  at e i t her  l ocat i on for · 
corn . Fa i l ure of p l acement .  res ponse at the med i um and h i gh soi l test 
l evel s can be expl a i ned due to the estab l i s hment of these phosphorus 
l eve l s  wi th l arge app l i cat i ons  of P205 pr i o r  to p l ant i ng  i n  ·1 982 . At 
the l ow so i l test l eve l res i dual  phosphorus from app l i cat i on s  made by 
· the cooperators i n  recent years cou l d have e l i mi n ated res ponses to 
add i t i onal  ·pho sphorus  for the fi rst year . 
Soybean yi e l d res ponse to starter P i n  1 982 .was the onl y P 
pl acement response and occurred at a h i gh soi l test l eve l . The 
res ponse of soybean yi e l d to starter P part i cu l a rl y  at a h i gh  soi l 
test l evel i s  uncommon ( Barber , 1958 ) . 
At the SE l ocati on i n  1983 more d i fferences began to appear . 
Phosphorus pl acement affected s�veral pa rameter� at the SE l ocat i on . 
Di fferences were most apparent at a l ow soi l test l eve l wi t h  
d i fferences d i m i n i s h i ng  at  med i um and hi gh soi l te st  l evel s .  
I NTERACT I ON OF T I LLAGE , SO I L  TEST LEVEL AND PHOSPHORUS PLACEMENT 
METHODS FOR OATS . 
I n  1 983  at the EC l ocat i on more d i fferences appeared than i n  
i n  1982 . Al l pa rameters measured responded to t he phosphorus 
treatments appl i ed .  Di fferences occurred most often at  the l ow soi l 
test l evel i n  a l l t i l l age systems . As test l eve l s were i nc reased 
d i fferences between treatments -decreased . D i ffe rences between 
p l acement methods  were not cons i stent from one v ar i ab l e measured to 
the other . 
76  
Maxi mum gra i n  yi el d s  occu rred when fert i l i zer P was d ri l l  
appl i ed wi th  the seed . For smal l grai n thi s method o f  P appl i cat i on 
has qu i te often max im i zed gra i n yi el ds . The d ua l  p l acement method of 
P appl i cat i on i s  rel ati ve l y  new and res ul t s  �ave not been con s i stent . 
The data from thi s experi ment i s  onl y the fi rst year of data 
wi th  the t i l l age vari abl e i nc l uded . Several years  wi l l  be needed to 
d raw any concl u s i ons . Over a peri od of t i me wi th  t he t i l l age and P 
pl acement vari abl es  i ncl uded i n  thi s experi ment more d i fferences may 
occur . The effect of ti l l age may beg i n to show more effects as  years . 
pas s . 
The red uct i on of t i l l age as wi th the no-t i l l  system wi l l  
pos s i bl y  change methods of P fert i l i zer  app l i cat i on . Because P i s  
immob i l e  broadcast appl i cat i on on no-ti l l  wi l l  l eave t he fert i l i zer 
i n  the top two to th ree centi meters . Th i s  cou l d p rove to be a 
prob l em i n  a reas where the topsoi l dri es each year . And i f  th i s 
shou l d  occur  on a soi l l ow i n  soi l phosphorus the p l ant wi l l  not be 
abl e to meet i ts P requi rements . 
7 7  
Reduced ti l l age systems such as  ch i sel p l owi ng , t i l l - p l ant 
and others may not have as great a p robl em as  no-t i l l  because some 
l evel of t i l l age i s  bei ng  performed to some dept h wh i ch wi l l  m i x  P to 
a l ower depth  i n  the soi l as compared to no-t i l l .  Wi t h  pl acement 
met hods other than b roadcast P fert i l i zer i s  p l aced bel ow t he soi l 
su rface wh i c h wi th reduced ti l l age systems wi l l  make i t  pos i t i onal l y  
more avai l abl e t o  p l ant roots as  compa red t o  broadcast P o n  the · soi l . 
su rface . 
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lJ 0 .= Check , 288 = 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P205 Topdressed , 280 = 28 
Kg P205 ha-l i n  5x5 em starter band or wi th seed in sma l l gra i n ,  28K = 28 Kg P205 
ha-l  dual pl aced with N ,  28 KD = 20 . 2  Kg P205 ha-l dual pl aced wi th  N and 7 . 2 Kg 
P205 ha-l i n  starter band or wi th seed i n  sma l l grai n .  
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Append i x  B .  I nfl uence of P management on stover P · content under convent i onal  
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� 0 =· C heck , 288 = 28 Kg P205 ha-l  Topdres sed , 568 = 56 Kg P205 Topdressed , 280 = 
28 Kg P205 ha-l i n  5x5 em starter band or wi th seed i n  sma l l gra i n ,  28K = 28 Kg 
P205 ha-l  dual pl aced wi th  N, 28 KD = 20 . 2 Kg P205 ha-l dual pl aced wi th N and 7 . 2 
Kg P205 ha-l i n  starter band or wi th seed i n  smal l gra i n . 
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Append i x  C .  I nfl uence of P management on corn gra i. n moi sture content under convent i onal  
t i l l age at the East Central Locat i on ,  1 983 . _ 
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}! 0 = . Check , 288 = . 28 Kg P205 ha-l  Topdressed , 568 = 56 Kg P20s Topdres sed , 280 = 
28 Kg P205 ha-l i n  5x5 em sta rter band or wi th seed i n  smal l gra i n ,  28K = 28 Kg 
P205 ha-l dua l pl aced wi th N ,  28 KO = 20 . 2 Kg P205 ha-l  dual pl aced wi th  N and 
7 . 2 Kg P205 ha-l i n  starter band or wi th seed i n  smal l grai n .  
00 "" 
Append i x  D .  I nfl uence of P management on total  corn P uptake at the East Centra l  
l ocat i on .  1 982 . _ 
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Test P Treatment -
Level o 28B 568 280 28K 28Klf-----A-ve-ra9e 
k g  ha-l ---------------------------- P .  k g ha-l  -------------------
L ( 15 )  20 .4  19 . 9  22 . 5  19 . 4 1 21 . 1  22 .4  2 1 .0  
M ( 25 ) 21 .8  23 .0  25 . 2  23 . 2  23 .0  25 .0  23 . 5  
H { 36) 23 . 3  25 .8 24 .9  23 . 6  23 . 2  25 .6  24 . 4 
lJ 0 � Check , 28B = 28 Kg P26s ha-l  Topdr�ssed , 56B = 56 Kg P205 Topdressed , 280 = 
28 Kg P205 ha·l i n  5x5 em starter band or wi th seed i n  smal l grai n ,  28K = 28 Kg 
P205 ha-l dual �l aced wi t h  N. 28 KO = 20 .2  Kg P205 ha-l  dual pl aced wi t h  N and 




C=Chance l l or E= Egan W= Wakonda WE= Wentwort h 1 em = approx . 14m 
Append i x E .  Det a i l ed soi l s  map of phosphor�s man a gement study s i te at t he Southeast l oc at i on . 
N 
� 
00 
"""-J 
